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NOTE ON THE SPINES OF A TERTIARY ECHINOID FROM 

VICTORIA 

By Edmund D. Gill, B.A., B.D.* 

[Read 12 July 1951] 


Summary 

A specimen of the Miocene echinoid Linthia nelsoni (McCoy) with spines attached has 
been found, and the spines are now described. They appear‘to possess taxonomic value. 


Introduction 

When marine animals die, their skeletons become sedimentary materials which 
usually suffer movement before they come to rest in the positions in which we 
find them in the rocks (thanatocoenoses). Such movement, even though slight, is 
enough to rob echinoids of their spines, and thus it is rare for fossil echinoids to 
be discovered with their spines attached. 

The Miocene limestones of Victoria were laid down in waters not very distant 
from the land, but nevertheless they contain but a comparatively small percentage 
of terrigenous material. On the whole, therefore, sedimentation was not rapid, and 
sudden burial of faunules was unusual. However, by some rare chance a specimen 
of Linthia nelsoni (McCoy 1882) has been preserved which moved so little and 
was covered so quickly that the spines can be seen adhering still to the surface of 
the test. 


Genus Linthia Desor 1853 
Species Linthia nelsoni (McCoy) 

Figure 1. 

Pcricosmus nelsoni McCoy 1882, Prodromus of the Palaeontology of Victoria Dec 7 Gcol 
Surv. Vic., pp. 17-19, PI. 66, figs. 1-2, PI. 67, fig. 1. 


Type Specimens 

1. Syntvpes. McCoy figured three specimens, but did not select any one as 
a holotype, so the three are syntypes. There is no outstanding specimen which 
could be selected as a holotype, and indeed all three are quite imperfect. Although 
McCoy’s figures give a fairly satisfactory idea of the species, thev involve consider¬ 
able reconstruction. The syntypes are in the National Museum, and are identified 
as follows: 

* Palaeontologist, National Museum. 
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McCoy’s figure 
Plate 66, figures 1. la, lb 

Plate 66, figure 2 

Plate 66, figure 2a 

Plate 67. figures 1, la, lb 


Nat. Mus. reg. no. 
P 12211 


P 12212 
P12213 
P 12211 


Other Information 

‘From Rev. Mr. Price, 

Waurn Ponds, 28/7/77.’ 
(Donor’s name not clear.) 
‘Presented by Wm. Nelson. 

Esq., Waurn Ponds, 7/6/80.’ 
‘Ad 26’ (Geol. Surv. locality 
number.) 

See below. 


There appears to be an error in McCoy's description of his plates. He says 
that PL 76, fig. 1, is one specimen, fig. 2 is 'another specimen’, and PI. 67, fig. 1, 
is yet 'another specimen’. This makes three specimens in all, and according to 
Museum records there were only three types. However, on comparing the speci¬ 
mens with the figures, it is clear that three different ones are figured in Plate 66, 
as shown in the table above. Apparently PL 67, fig. 1, is a reconstruction of the 
same specimen as figured in PL 66, fig. 1, viz. 12211. The profile agrees with that 
of this fossil, but as with all the rest, the drawing is a reconstruction. 

All three syntypes come from the limestone quarry on the south side of the 
Princes Highway at Waurn Ponds, west of Geelong, Victoria. It is the Geological 
Survey locality Ad 26, which is described as 'Quarry on reserve opposite old 
‘'Victoria Inn", Colac Road, 5£ miles from the Barwon Bridge.’ The quarry is 
shown on Quarter Sheet 28 NE, and on the Military Map of the area. 

2. Hypotype. The specimen with the spines described below was collected by 
Dr. G. B. Pritchard from the same Waurn Ponds quarry as the syntypes, and 
when his collection was acquired by the Museum, he kindly drew my attention to 
this unique specimen and suggested a note be prepared upon it. The fossil is now 
Nat. Mus. reg. no. P 15277. 

Description of Spines 

In his description of Linthia nelsoni, McCoy stated 'Spines on under side 
slender, striated longitudinally, about 4 lines long.’ There are no spines attached 
to the tests- but a few occur in the matrix, and it seems McCoy surmised that these 
belonged to the species. 

The primary spines are short, about half a centimetre long, with a smooth base 
of truncated cone shape, the condyle or acetabulum occupying what would otherwise 
be the apex of the cone. The shaft is circular in cross-section, about half a milli¬ 
metre in diameter, and apart from a slight expansion where it meets the base, 
tapers little or not at all until at the distal end it is rounded (see fig. la). The shaft 


la 



O 1 2 

i-1-1 

MM SCALE FOR la 



CONDYLE BASE 


SHAFT STRIAE 


Fig. 1. Spine of Linthia nelsoni (McCoy), 
la. General proportions of spine. lb. Cross-section of striae, greatly enlarged. 
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possesses about 21 longitudinal striae which run its full length. Two attempts to 
grind cross-sections mounted in Canada balsam and paraffin respectively were 
unsuccessful owing to the highly brittle character of the recrystallized calcite. 
However, a fragment mounted to show' a natural cross-section indicated that the 
striae have a cross-section like that shown in fig. lb. The striae continue down 
like segments into the material of the shaft. No orifice is present in these fossil 
spines. 

Taxonomic Value 

Among the echinoids collected by Dr. Pritchard there is one poorly preserved 
specimen (Nat. Mus. reg. no. P 15278) which suggests Linthia nelsoni, but does 
not exhibit sufficient structure to make a sound determination possible. However, 
it possesses a few spines, and they are precisely like those on specimen P 15277, 
so one can assume with some confidence that it belongs to McCoy’s species. 

On the other hand, in the Cudmore Collection in the National Museum there 
is a Linthia from the New Quarry, Batesford, Victoria, which has spines, and was 
collected by Mr. F. A. Cudmore in 1946. Previous to the arrival of the Pritchard 
specimens, this was the only irregular fossil echinoid with spines which Mr. 
Cudmore had seen, in spite of his wide experience as a collector. Mr. Cudmore’s 
specimen belongs to a flatter species of Linthia, and although similar, the spines 
differ in length, in the greater number of striae on the shaft, and in the shape of 
the base. 1 hus different kinds of Linthia are shown to have similar and yet quite 
distinct types of spines. It seems, therefore, that the spines of these fossils have 
taxonomic value (as has been proved for other echinoids) and it should be possible 
in future to recognize the presence of Linthia nelsoni in our Victorian rocks by the 
presence of their spines alone. 
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VICTORIAN MUSCI 

Part 1 : INTRODUCTION AND ANDREAEACEAE 
By H. T. Clifford, M.Sc.* 

[Read 12 July 1951] 

Abstract 

The study of mosses in Victoria has been long neglected. In this introductory paper some 
of the problems involved are discussed and a summary of the literature is set forth. The genus 
Andreaea is treated in detail both as to its synonymy and distribution. 

Introduction 

For the student of Victorian mosses there are many difficulties. No handbook 
is available and the few published lists are both incomplete and unreliable. Since 
their publication, several generic concepts have changed, and many species are now 
placed in other genera. This, and the fact that they contain much unindicated 
synonymy, reduces the value of these older lists. 

The most important check-list is the ‘Census Muscorum Australiensum’ (Watts 
and Whitelegge, 1902, 1905). Unfortunately this census deals only with the 
acrocarpous mosses as then known for Australia. The list gives the specific name, 
the author responsible, the periodical in which the species was described, and 
certain of the localities from which it had been collected. For the pleurocarpous 
mosses, we must turn to an old and incomplete list of Australian mosses by Mitten 
(1883)’, who prepared a table of all the mosses known by him to come from 
Australia. An earlier, apparently neglected, article by Muller and Hampe (1853) 
records several pleurocarpous mosses not enumerated by Mitten. Recently Sains- 
bury (1946, 1948) and Clifford and Willis (1951) have recorded additional species 
for the flora. By combining all these records, a reasonably reliable check-list for 
the State can be prepared. 

A check-list is of limited value unless literature is available which will enable 
species and genera to be determined. The following books and articles are useful 
references. The best available work for south-eastern Australia is the revision of 
the New Zealand flora by Dixon (1913-28). Most of the plants described therein 
are common to both regions. Rodway (1914) has provided a manual for the 
Tasmanian mosses, and this includes most of the Victorian species. The ‘Hand¬ 
book of the New Zealand Flora’ by Hooker (1867) has a good key to the genera. 
Unfortunately neither of these references is illustrated, but they can he supple¬ 
mented with the ‘Flora Novae-Zelandiae’ (Hooker 1855) and the ‘Flora Tasmaniae’ 
(Hooker 1860), both of which contain excellent plates. In addition, there is a 
semi-pictorial key to the Tasmanian mosses (Bastow 1886) and a hook of plates 
by Mueller (1864). The most complete reference is the moss volume of the 
Pflanzenfamilien (Brotherus 1904). It provides a key to the moss families of the 
world, keys to the genera and partial keys to the species. Although very complete, 
the key to the families is very difficult and needs careful interpretation. In the 
second revised edition (Brotherus 1924-25) there is no key to the families. 

♦Botany School, University of Melbourne. 
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Assuming that by these means a species is determined, there is still the problem 
of whether it is correctly named by present standards. In the interval that has 
elapsed since the books referred to were written, many alterations have taken 
place in the delimitation of genera, as is illustrated in Table 1 where the synonyms 
of Catagonium politum (Hk. et W.) Dus. are set out. 

The tracing of a species whose specific epithet remains constant is easier than 
tracing one that goes into synonymy with another species. With the latter situation, 
only an extensive knowledge of the literature and access to type specimens will 
solve the problem. Large numbers of synonyms were created in the nineteenth 
century by bryologists who did not realize the wide distribution and variability of 
the plants with which they were dealing. In Table 2 the synonymy of Bryum 
dichotomum Hedw. is set out to illustrate this point. 


Table 1 

Synonyms of Catagonium politum (Hk . et IV.) Dus. 


Species 

Hypnum politum Hk. et W. 

Acroceratium politum (Hk. et W.) Mitt. 
Catagonium politum (Hk. et W.) Dus. 
Eucatagonium politum (Hk. et W.) Broth. 


Reference 

Hooker 1867 
Mitten 1883 
Rod way 1914 
Brotherus 1925 


In addition to the general literature mentioned, there are several papers dealing 
with the systematics of particular groups. Watts (1918) has discussed the Aus¬ 
tralian species of the genus Sphagnum, and Sainsbury in a series of articles in the 
‘Victorian Naturalist’ between April 1932 (vol. 48) and August 1932 (vol. 49) 
discusses and describes in detail several species. Monographs are available for the 
genus Zygodon (Malta 1923), Ulota (Malta 1933) and Dcmsonia (Burges 1949). 

As well as articles concerning systematics there are a few that discuss the 
cryptogams of selected localities or mention the mosses as constituents of local 
floras. The best of these papers is by Stirling (1885), who dealt with the crypto¬ 
gams of the Australian Alps. Others who have published lists are Bastow (1904, 
'05), Beauglehole (1947), Garnet and Willis (1949), Leslie (1924, '25), Morris 
(1929), Murdoch (1910), Sullivan (1887), Watts (1905), and Willis (1947). 

It is obvious from the foregoing remarks that the moss flora of the State is in 
need of revision, a task upon which the writer is at present engaged. Every genus 
must be revised and a full description prepared for each of the species. The time 
involved wall be great, and so it is intended that Part 2 of this series will be a check- 
-list with the nomenclature revised and the synonymy where possible unravelled. 
In Part 3 the distribution of the mosses within Victoria will be discussed. 


Table 2 

The synonymy of Bryum dichotomum Hedw. as it concerns Victorian species 

Species Synonym 

Bryum dichotomum Hedw. Bryum gambierense C.M. 

B. cupulatum C.M. 

B. pachytheca C.M. 

B. pachythecoides C.M. 

B. pachy pyxis C.M. 

B. subaenum C.M. et Hpe 
B. sullivani C.M. 

B. annulatum Hk. et W. 
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Andreaeaceae 

The species of Andreaea are dark, varying from black or dark olive-green to 
red or reddish-brown; only the youngest leaves show the presence of chlorophyll. 
The older leaves are invariably reddish-brown when viewed with transmitted light 
as when examined under the microscope. In the upper portion of the leaf the cells 
are rounded or slightly angular, but towards the leaf base they are rectangular 
with sinuose walls. Little significance can be placed upon the papillosity of the 
cell wall, because it is very variable. The capsule is elevated not upon a seta 
but a pseudopodium, a structure morphologically resembling a seta. There is no 
peristome, the capsule opening along four valves separated by vertical slits. The 
valves may be united at their tips but are rarely found in this condition. A columella 
is present and persists in the mature capsule. 

As with many other mosses the genus Andreaea has a characteristic habitat. 
From the descriptions in the standard floras, an impression is gained that Andreaea 
species grow ‘in tufts or cushions on non-calcareous rocks of mountainous or frigid 
zones’ (Sharpe 1936). Brotherus (1924) adds that in the arctic regions the genus 
may grow upon the earth. Until recently it was presumed that the Victorian mem¬ 
bers of the genus occupied habitats in keeping with this description. Plants have 
been collected from the Australian Alps and Mount Wellington (Watts and 
Whitelegge 1902). Both localities are about 5000 ft. and are locally regarded as 
alpine or sub-alpine. 

Within the last two years collectors have geithered plants of the genus from 
the low altitude of approximately 2000 ft. In each instance the habitat was sand¬ 
stone rocks within dry sclerophyllous forests. The localities are hot and dry in 
summer, whilst in winter, although frosts are common, snow falls are rare. Such 
a habitat is not in agreement with that given in the standard floras, most of which 
were written in the northern hemisphere. Were it not for Rodway’s notes on the 
Tasmanian mosses (1914) it might be thought that the descriptions of the habitat 
from northern latitudes did not apply in southern latitudes. But Victoria is not the 
only place where this seemingly atypical behaviour is found, for the type collection 
of A. subulata Harv. (1840) was from the top of Table Mountain, South Africa, 
where the summers are also hot and dry. 

Certain of the synonyms and the local distributions of the Victorian species are 
set out in Table 3. Three species are recorded for the State, but none is endemic. 
According to Martin (1946), A. rupestris Hedw. is cosmopolitan, A. subulata 
Harv. is circumpolar in the southern hemisphere, and A. australis Mitt, is restricted 
to Australia, Tasmania and New Zealand. On the Australian mainland these three 
species are also found in New South Wales. The genus has not yet been recorded 
from any of the other States. 


Table 3 

The distribution and synonymy of the Victorian species of the genus Andreaea 


Species 

A. rupestris Hedw. 


Synonymy 

A. aspcrula Mitt. 

A. petrophila Ehrh, 
A. mucllcri Sond. 
A. julicaulis C.M. 


Localities 

Bogong High Plains 
Cathedral Range 
Grampians 
Mount Buffalo 
Mount Macedon 
Baw Baws 
Mount Kaye 
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A. australis Mitt. Mount Wellington 

A. subulata Harv. A. subulatissima C.M. Bogong High Plains 

Grampians 
Mount Buffalo 
Baw Baws 

Description of Species 

Andreaea rupestris Hedw. Spec. Muscorum 1801. 

Syns.: A. pctrophila Ehrh. in Hann. Mag., 1784; A. asperula Mitt., Journ. Linn. Soc., 
vol. 4, 1860; A. muelleri Sond., apparently a ms. name; A. julicaulis, C. M. Hedwigia, vol. 37, 
1898. 

The size of the plants (Figs. 3, 3a, 4) is variable from a few mm. to several cm. 
tall, either densely caespitose or laxly procumbent; sparingly branched. The leaves 
are concave, ovate to ovate-lanceolate ; leaf tip obtuse or accasionally acute. Towards 
the ends of the branches the leaves are falcato-secund. Nerve absent. Perichaetial 
leaves differentiated, convolute, obtuse or with a short apiculus. 

The writer has suggested that A. asperula Mitt, is a synonym of A. rupestris 
Hedw. because after examining a portion of the collection from which the species 
was named he can see no differences that exclude it from the latter species. How¬ 
ever, no absolute decision can be made until Mitten’s herbarium is examined, for 
there may be another plant mixed in with the portion sent to him. 

Andreaea australis Mitt. Jour. Bot., vol. 8, 1856. 

In habitat A. australis Mitt. (Figs. 2, 2a) resembles robust forms of A. rupestris 
Hedw., but differs from that species in possessing a well developed nerve to the 
leaf and only slightly differentiated perichaetial leaves. The species is imperfectly 
known in Victoria, having been collected only by Mueller, F. von, who gathered 
the material from which the type description was prepared. 

Andreaea subulata Harv. ,leones Plantarum, vol. 3, 1840. 

Syn.: A. subulatissima , C. M. Hedwigia, vol. 37, 1898. 

A. subulata Harv. (Figs.l, la) has a habit similar to the previous species but 
its leaves are quite a different shape. They are broad at the base and contract 
sharply to a narrow subula. The subula is almost wholly made up of nerve and was 
described originally as nerveless. At the base of the leaf the nerve is quite con¬ 
spicuous. The perichaetial leaves are strongly differentiated, convolute, and obtuse 
or rarely acute. 


Key to Species 

Leaves ligulate, contracting from a broad base 
Leaves ovate or ovate-lanceolate 
A. Leaves nerveless 
Leaves ner.ved 


A. subulata 
A. 

A. rupestris 
A. australis 
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Fig. 1 Typical plant of A. subulata Harv. Fig. la—Leaf of A. subulata Harv. 

Fig. 2—Typical plant of A. australis Mitt. Fig. 2a—Leaf of A. Australis Mitt. 

Fig. 3— Erect form of A. rupestris Hedw. Fig. 3a—Leaf of erect form of A. rupestris Hedw. 
Fig. A —Procumbent form of A. rupestris Hedw. 
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THE DESCRIPTION AND DISTRIBUTION OF THE SPECIES OF 
PENICILLIUM Link IN SOME VICTORIAN SOILS 

By E. I. McLennan and S. C. Ducker 
[Read 12 July 1951] 

Summary 

The genus Penicilliutn is a dominant one in the micro-flora of soils. An account of this 
genus as it occurs in some Victorian soils has been presented. Forty-five species have been 
identified and their distribution in some sandy podsols (acid) and Malice soil (alkaline) has 
been noted. The majority of the species belong to two sections of the genus, the Monovcrticillata 
and the Asymmctrica-divaricata. A number of the strains were tested for possible antibiotic 
properties. 

The cultural and microscopical characters of the forty-five species have been described and 
their chief diagnostic characters have been stressed. The descriptions are illustrated by line 
sketches and dichotomous keys have been drawn up to aid in identification. 

Introduction 

There are many records of genera and species of fungi that have been isolated 
from soils of the Northern Hemisphere. Although there are only a few recorch 
for the Southern Hemisphere, it has been recognized (Burges 1939) that the 
genera of mould fungi occurring in soil show no marked geographical limits, and 
that they represent a very uniform flora. The species of Penicilliutn are the com^ 
monest constituents of this flora; we have, however, little accurate information about 
those species of this genus which are normally present in soil, and practically none 
about their vertical distribution in this environment. 

During a study of the fungal micro-flora of some Victorian (Australian) soils, 
we have isolated and studied those Penicillium species that appeared on Czapek and 
malt agar dilution plates (James and Sutherland 1939). The greater number of 
isolations has been obtained from a sandy podsol which supports a characteristic 
heath vegetation, and which occurs close to the southern coast of this State. Some 
of the characteristic features of this podsol are summarised in Table 1. 


Table 1 


Horizon 

Ai 

' A* 

B 

* 'coffee rock’ 

C 

Average depth 

0-18 in. 

18-34 in. 

34-38 in. 

38 in. 

Colour 

medium grey 

light grey 

dark brown 

yellowish 

pH 

4 6 

5-2 

4-8 

5-2 

Organic carbon 

1-47 

0-28 

1 34 

— 


Penicillium species were isolated also from the Mallee soils, which have an 
alkaline profile throughout, as well as from loam from the alpine regions of the 
Bogong High Plains, Victoria. 
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Fig. 1 (Upper).—Colony of P. claviforme Bainier, on Czapek agar, showing two types of 
coremia. 

Fig. 2 (Lower).—Pattern of sporing head, showing the short quadrangular columns of spores 
radiating out in an umbel-like way (from an old malt slope). 
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PEN ICILLIU M LINK IN VICTORIAN SOILS 

Methods 

All Penicillium species were sub-cultured from the dilution plates of malt 
agar to malt slopes, and these formed the reservoir of material for this study. If 
bacterial contamination occurred, the colonies were cleaned by the accepted methods, 
and frequently single spore isolations were made. 

The fungi were plated out on to three media — malt; Czapek-Dox, and Raulin- 
Thom agar, made according to the following formulae: 


Malt extract agar 

malt extract 
agar 

distilled water 


25 0 gm. 
180 „ 
1000 ml. 


Later, malt agar as prepared by Raper and Thom (1949) was used: 


malt extract 

dextrose 

peptone 

agar 

distilled water 


20 0 gm. 
200 „ 
10 „ 
25 0 „ 
1000 ml. 


Czapek-Dox agar 


sucrose 

30 0 gm. 

sodium nitrate (NaNOa) 

3 0 „ 

monopotassium di-hydrogen phosphate (KH 2 PO 4 ) 

10 „ 

magnesium sulphate (MgSC> 4 . 7 H 2 0 ) 

0-5 „ 

potassium chloride (KC1) 

0-5 „ 

ferrous sulphate (FeS 04 . 7 H 2 0 ) 

001 „ 

agar 

18 „ 

water to 

1000 ml. 

pH adjusted to 6 9-7 0 with NaOH. 



Raulin-Thom agar 


sucrose 

70 00 

gm. 

tartaric acid 

400 

>} 

ammonium tartrate 

400 

yy 

ammonium phosphate 

0-60 

yy 

potassium carbonate 

0-60 

yy 

magnesium carbonate 

0-40 

yy 

ammonium sulphate 

0-25 

yy 

zinc sulphate 

0 07 

yy 

iron sulphate 

007 

yy 

potassium silicate 

0 07 

yy 

agar 

27 

*y 

water to 

1500 ml. 


The mode of preparation was that set out by Smith (1946). The initial pH lav 
between 3 8 -3*9 and was adjusted to 6 -9-7 0 with KOH. 

The inoculum for the plates was prepared by cutting an approximate sq. cm. 
from a colony grown for 14 days on malt agar at 24° C. This was transferred to a 
tube containing 9 ml. of sterile water. After vigorous shaking a platinum loop 
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(diam. 2 mm.) was inserted and a loopful of the spore suspension was transferred 
to the centre of each plate. The plates were incubated in the dark for seven days 
at 24° C. and then for seven days in the light at room temperature. 

The Species of Penicillium Isolated 

Forty-five species have been isolated from the various soils; approximately half 
this number belong to the Monoverticillata and the A sym me trie a-divarica ta series, 
as the following list indicates. 

Monoverticillata (12 species) 

Adametzi, fellutanum, frequentans, fuscum, lapidosum, lividum, purpur- 
rescens, pusillum, restrictum, spinulosum, Thomii, vinaceum. 

Asymmetrica-divaricata (11 species) 

albidum, canescens, Godlewskii, janthinellum, Kapuscinskii, lilacinum, 
Melinii, nigricans, piscarium, Raciborskii, Rolfsii. 

Fasciculata (8 species) 

claviforme, expansum, Gladioli, granulatum, Martensii, puberulum, Urticae, 
viridicatum. 

Bi-verticillata-symmetrtca (7 species) 

diversum, funiculosum, islandicum, purpurogeneum, rubrum, rugulosum, 
verruculosum. 

Asymmetrica-velutina (3 species) 
chrysogenum, digitatum, meleagrinum. 

Monoverticillata-Ramigena (2 species) 
cyaneum, Waksmani. 

Asymmetrica-lanata (1) 
lanosum. 

Brevi-com pactum (1) 
brevi-compactum. 

We have included in our descriptions Aspergillus Sydowi (Bain, and Sart.) 
Thom and Church, and two strains of Scopidariopsis brevicaulis (Sacc.) Bainier. 

The occurrence of the Penicillinm species in the soils examined and their vertical 
distribution are shown in Table 2. 

Burges (1950) has shown that fungus spores with a mucilaginous coat ar^ 
washed downwards through a sandy soil, but spores which are dry and powdery 
showed ‘practically no downward movement in sand.' Spores of Penicillium ar^ 
of this dry type; indeed Burges includes Penicillium cyclopium among the fungi he* 
used in his experiments and he states: Tn fungi such as Penicillium which product 
dry spores, there is little likelihood of the spores being washed to lower levels-* 
The vertical distribution of the various species of this genus noted in Table ^ 
represents therefore their actual distribution in the soils examined. 

The most abundant species in the A horizon of the sandy podsols are P ^ 
Adametzi, janthinellum, nigricans, restrictum , spinulosum and verruculosum ; th^ 
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Table 2 


Species 

Soil type 

Sandy 

podsol 

Mountain loain 

Mallee 

Litter from sandy podsol, 
Frankston 


Locality 

Fran kston 

Bogong High Plains 

Mildura 

Species (see note) 

Pretty 

Valley 

Box Plot 

Horizon 

A 

B 

c 

A 

B 

c 

A 

B 

c 

6-8 in. 

12-18 in. 

28-35 in. 

70 in. 

L.v. 

E. 

R. 

H 

L.m. 

B. 

c. 

Aspergillus Sydowi 




4 

4 
















2 

P. Adametzi 

+ 

4 

4 







4 

4 





4 

4 

4 



8 

P. albidum 











4 










1 

P. brevicompactum 


4 








4 











9 

P. canescens 



















4 


1 

P. chrysogenum 


4 

4 


















2 

P. claviforme 


















4 

4 


2 

P. cyaneum 

4 



4 











4 






3 

P. digitatum 

4 









4 











2 

P. diversum 


4 



















1 

P. expansum 


4 

4 







4 











3 

P. fellutanum 


i 



















1 

P. frequentans 


4 

4 


4 











4 





4 

P. funiculosum 

+ 


4 


4 

4 

4 














5 

P. fuscum 








4 













I 

P. Gladioli 










4 

4 










2 

P. Godlewskii 

4 

4 













4 






3 

P. granulalum 

4 




















1 

P. islandicum 

4- 




















1 

P. janthinellum 

4 

4 

4 


















3 

P. Kapuscinskii 










4 











1 

P. lanosum 




4 

4 



4 













3 

P. lapidosum 


















4 

4 


2 

P. lilacinum 












4 









1 

P. lividum 












4 









1 

P. Martensii 



4 








4 










2 

P. meleagrinum 


4 




1 i 







4 






2 


13 
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Species 

Soil type 

Sandy 

podsol 

Mountain loam 

Mallee 

Litter from sandy podsol, 
Frankston 


Locality 


Bogong High Plains 

Mildura 

Species (see note) 

Frankston 

Pretty 

Valley 

Box Plot 

Horizon 

A 

B 

C 

A 

B 

C 

A 

B 

C 

6-8 in. 

12-18 in 

28-35 in 

70 in. 

L.v. 

E. 

R 

H 

L.m. 

B 

C. 


P. Melinii 

+ 


+ 


















2 

P. nigricans 

+ 

+ 

+ 

+ 

+ 





+ 





+ 






7 

P. piscarium 


} 



















1 

P. pubcruluyn 



+ 


















l 

P. purpurogenum 


+ 




+ 





+ 










3 

P. purpurrescens 

+ 




















1 

P. pusillum 


















+ 

+ 


2 

P. Raciborskii 


+ 



















l 

P. restrictum 

+ 

+ 

+ 





+ 







-f 


+ 




6 

P. Rolfsii 


















+ 

H- 


2 

P. rubrutn 



+ 


















1 

P. rugulosum 

+ 




















1 

P. spinulosum 

+ 

+ 









+ 










3 

P. Thomii 


















+ 

+ 

+ 

3 

P. UrticcB 


















+ 



1 

P. verruculosum 

+ 

+ 











+ 

+ 







4 

P. vinaceum 










+ 










. 

1 

P. viridicatum 


+ 



















1 

P. Waksmani 

+ 












+ 

+ 

+ 

+ 


+ 



6 

Scopulariopsis brevicaulis 

+ 



+ 

















2 


17 

18 

12 

5 

5 

2 

1 

3 


8 

6 

2 

2 

2 

6 

3 

2 

8 

6 

1 



Note. —The species of flowering plants on the sandy 
isolated, are as follows:— 

L.v .—Leucopogon viragtus R. Br. 

E .—Epacris impressa Labill. 

R .—Ricinocarpus pinijolius Desf* 

H .—Hibbertia sericea R. Br. 


podsol from the litter of which fungal species were 

L.m .—Leptospermum myrsinoides Schlech. 

B. —Banksia marginata Cav. 

C. —Casuarina distyla Vant. 
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first four of these were repeatedly isolated from the three horizons of this podsol. 
The last two did not extend deeper than the B horizon. 

Ten species were restricted to the 'coffee rock’ or deeper— P. brevi-compactum, 
chrysogenum, diversurn, expansum , fellutanum, frequentans, nieleagrinum, pis- 
carium, Raciborskii and viridicatum. 

Four species were restricted to the C horizon— P. puberulum, Martensii, pur - 
purogeneum and rubrutn. 

The sclerote-forming species were isolated, only from the sparse litter which 
collects under the various plants characteristic of the heath vegetation growing on 
this soil. The sclerotes appear to withstand the hot and dry summer conditions 
which prevail in these regions. 

Of the fifteen species recovered from the Mallee soils, four were restricted to 
this habitat. The more alkaline conditions were characterized by the appearance 
of P. albidum, Gladioli, lilacinum and lividum. 

Many of the isolations were tested for possible antibiotic properties. The test 
organisms used were Staphylococcus aureus and Bacterium coli. Nutrient agar 
plates were seeded with 3 ml. of similar agar which had previously been inoculated 
with the test organism in a concentration of 1 ml. of a 24-hour broth culture in 
100 ml. of agar. With a sterile cork borer, discs of 7 5 mm. diameter were cut 
from the periphery of a 7-day-old culture on malt agar of the Penicillium to be 
tested. These discs were placed on the seeded plates, which were then incubated 
at 37° C. for 24 hours. The results obtained are shown in Table 3. 


Table 3 



B. coli 

<*> 

3 

o 

Co 


cq 

3 

£ 

5 

co 

P. Adametzi 

— 

— 

P. Melinii 

— 

— 

P. chrysogenum 

— 

+ 

P. nigricans 

— 

-f- some strains 

P. cyaneum 

— 

— 

P. piscarium 

— 


P. expansum 

— 

— 

P. puberulum 

— 

— 

P. fellutanum 

— 

4- 

P. purpurogenuni 

— 

— 

P. frequentans 

— 

— 

P. Raciborskii 

— 

4* 

P. Godlcwskii 

_ 

— 

P. rcstrictum 

— 

+ some strains 

P. granulatum 

— 

— 

P. rubrum 

+ 

+ 

P. janthinellum 

— 

-f- some strains 

P. rugulosum 

— 

+ 

P. lanosum 

— 

+ 

P. spinulosum 

— 

— 

P. lilacinum 

. 


P. vcrruculosum 

— 

— 

P. Martensii 

_ 

+ 

P. viridicatum 

— 

4- 

P . meleagrinum 

— 

4- 

P. IVaksmani 

— 

— 


Only seven species of Penicillium have previously been recorded for Australia 
(Brittlebank 1937-1940). They are: 

(1) Penicillium bicolor Fr. According to Raper and Thom (1949), this name 
is probably based on a coremium-forming member of the Biverticellata-Symmetrica 
and is not accepted by them as a valid species. 
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(2) Penicillium candidmn Link. ‘This is probably synonymous with P. casei - 
colum Bainier or some white mutant/ (Raper and Thom 1949.) 

(3) Penicillium expansum Link. 

(4) Penicillium Gladioli Machacek. 

(5) Penicillium glaucum Link. ‘Frequently used for any green Penicillium, 
no one knows what form was described by Link/ (Raper and Thom 1949.) 

(6) Penicillium it alien m Wehner. 

(7) Penicillium rosetim Link. Probably synonymous with Gliocladiurn roseum 


(Link?) Bainier. 

THE MONOVERTICILLATA 

Key to Monoverticillata 

L Sclerotes present .. .. .. .. .. .. .. .. 2.- 

1. Sclerotes absent .. .. .. .. .. .. .. . # 3 

2. Sclerotes formed on malt, Czapek and Raulin agars, giving a charac¬ 
teristic surface colour to the colony . p lapidosum 

2. Sclerotes present and readily visible on malt and Raulin agar (at least 

in fresh isolations), but not on Czapek agar . p Thomii 

2. Sclerotes present, but not visible on the green surface of the colony, 

as they are embedded in the mycelial felt .. .. .. .. p pusillum 

3. Surface velvety (or at most sparsely floccose) ; ropes of hyphae absent 4 . 

3. Surface floccose or lanose; ropes of hyphae absent .. .. .. 5 . 

3. Surface mealy, floccose or lanose; ropes of hyphae present .. .. 9 . 

4. Spores globose, spiny; colony reverse pale on all three media .. P. spinulosum 

4. Spores globose, conspicuously spiny; colony reverse on Czapek and 

Raulin in purplish-brown shades; odour fetid .. .. .. .. p pnrpurresccns 

4. Spores globose, mainly smooth; colony reverse on all three media in 

yellow to brown shades . . j requen t a ns 

5. Growth restricted on all three media—at 14 days averaging 2-5-3 cm. 

or less .. ... . 6 

5. Growth restricted on Czapek but not on malt or Raulin agars . 7. 

5. Growth not restricted on any media .g 

6 . Spores sub-globose, smooth; sporing surface pea-green .. .. p % fellutanum 

6 . Spores globose, 2 ^ diam., rough. . res t r ictum 

6 . Spores globose, 4-4-5 v- diam., rough . . f uscum 

7. Colony diameter on malt and Raulin agar (6-7 cm.) twice that on 

Czapek agar (2-3 cm.) ; spores globose, 3-4 M, rough .. .. .. Aspergillus Sydozvi 

8 . Growth not restricted on any of the three media; sporing colour deep 

greyish-blue .I .. .. P. Hvidum 

9. Growth restricted on all three media (2-2-5 cm. in 14 days) ; deep 

red exudate drops give a characteristic appearance to the surface .. P. vinaceutn 
9. Growth not restricted (3-5-4 cm. in 14 days) ; red exudate drops 

absent .. .. .. .. .. .. .. ., 4 , P. Adametzi 


Penicillium lapidosum Raper and Fennell. Mycologia, 40, 1948. 

Malt . The colony diameter measures 7 cm. in 14 days. The surface is covered 
with sclerotes. Penicilli are formed sparingly, and do not contribute to the general 
colour of the culture. At an early stage the central part is russet-vinaceous 
(XXXIX), outwards huff-yellow (IV)* with a white powdery margin. Pale pink 
*A11 colour references are to Ridgway 1912 
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exudate drops may be present. As the colony ages, the surface appears to be 
powdered with ochraceous buff tints (XV), due to maturing of the sclerotes. 

The reverse early shows shades of salmon colour, later deepening at the centre 
to russet-vinaceous with a paler margin. 

Czapek. The colony diameter at 14 days is 3*5-4 cm. The central surface is 
Corinthian to etruscan red (XXVII), studded with pink exudate droplets. Beyond 
the centre, it is maize to buff-yellow (IV). The whole area is powdery with 
sclerote formation, and the margin rather fimbriate and uneven. 

The reverse is not buckled, pale-flesh to flesh colour (XIV), darkening at 
the centre to deep vinaceous (XXVII), and the margin of the colony is usually 
cream in colour. 

Raulin. The colony diameter in 14 days is comparable to that on malt. The 
surface, for the most part, is brownish to russet-vinaceous (XXXIX) and glisten¬ 
ing with small pink exudate drops. Outwards, the surface colour is maize yellow 
(IV), with a white margin. 

I he reverse is buckled, salmon-buff (XIV), with a creamish to white margin. 



Morpholog 3 - The very sparsely formed conidiophores arise from trailing hyphac 
or from ropes of hyphae. They are frequently septated and smooth-walled, 'some¬ 
times very short (10 ^) often 20-2o ^ m length and sometimes longer. Many of 
them bear pemcilh o the monoverticillate pattern. Others are characterized by 
the presence of an adpressed branch about 10 ,, long, close to their apices. The 
stengmata are 5-7 ,, long X 2-2 5 g broad and are borne in tight clusters over the 
slightly enlarged comd.ophore tips They bear somewhat tangled chains of spores. 
The conidia are elliptical, 2 d- 3 X 2 fx; occasionally some appear sub-globose and 
are smooth-walled. 

The sclerotes are variable in size, reaching 250-300 Thev are yellow-brown 
when viewed under low magnification, but they are encrusted by thick-walled 
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orange-brown hyphae, and similar hyphae often form a network between them. 
The sclerotes are hard and difficult to crush; they consist of thick-walled cells, 
with an average diameter of 7-10 /x, with walls about 2-3 /x broad. On crushing, 
their contents escape in the form of immense numbers of oil droplets. 

The features of diagnostic significance are: 

(1) The predominantly monoverticillate character of the penicilli. 

(2) The production of sclerotes on all three media. 

(3) The yellow-brown colour of the sclerotes with the investing deep-coloured 
hyphae. 

Isolated from the litter lying under Leptospermum myrsinoides and Banksia 
marginata on the sandy podsol at Frankston, Victoria, when plated out with malt 
agar at 40°, 60° and 80° C. 

Penicillium Thomii Maire. Bui. Soc. Hist. Nat. Afrique. Nord., 8, 1917. 

Malt . The colony diameter measures 6 5 cm. in 14 days. The surface is velvety, 
artemisia green (XLVII), with a suggestion of zoning outwards, and a narrow 
white margin. 

Malt slopes, of the same age, but incubated at 25° C., show small orange-pink 
(II) sclerotial patches. Similarly coloured sclerotes are also present on malt plates 
incubated at room temperature, but they are not easily seen with the eye, as they 
seem to be buried in the substratum. (When this form is first isolated, sclerote 
formation is plentiful on this medium, but rapidly decreases on sub-culturing.) 

The reverse shows pale green sporing shades through the agar, with salmon 

colours developing (XIV), 
fading outwards to the 
margin. 

Czapek . The colony di¬ 
ameter measures 3 cm. in 
14 days. The surface is 
smooth, becoming uneven 
or lightly floccose at the 
centre; at first artemisia to 
lily green, becoming deep 
slate-olive (XLVII), with 
a broad white margin; no 
visible sclerotes. 

The reverse is slightly 
buckled at the centre, 
salmon colour (XIV). 

Raulin . The colony di¬ 
ameter at 14 days measures 
6 cm. The surface is vel¬ 
vety, lily-green to slate- 
olive (XLVII), zoned 
outwards with a white 
margin. Pinkish sclerotes 
are present at the centre 
of the colony, and small 
colourless exudate drops 
are present. 



Fig. 2.—P. Thomii Maire. 1. Diagram of habit. 2. Details 
of penicillus, X 600. 3. Sclerote, X 35. 4. Sclerotial 
cells, X 600. 
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The reverse is similar to that on Czapek, but the buckling is more pronounced. 

Morphology. The monoverticillate conidiophores arise from the basal felt or 
from trailing hyphae. The walls are rough, and the ends are inflated to form 
conspicuous vesicles 5 ^ broad, on which are borne numerous rather parallel 
sterigmata 8-10 long; the sterigmata tend to be deciduous. The spore chains 
form rather loose columns; the spores are elliptical to sub-globose, smooth-walled, 
3-3*5 fi in their long axis. The mature sclerotes are english red to mars orange 
(II) ; they are approximately 250-350 /x in diameter, their walls having the appear- r 
ance of sclerenchyma-like tissue, which makes them hard and brittle. 

The features of diagnostic significance are: 

(1) The formation of pink sclerotia on all three media, especially when the 
strain has been recently isolated. 

(2) The hard and brittle nature of the sclerotia. 

(3) The monoverticillate penicilli. 

(4) 1 he elliptic to sub-globose, smooth spores. 

Isolated from litter under Leptospermum myrsinoidcs, Leucopogon virgatas 
and Casuarina distyla , when plated out with malt agar at 60° and 80° C. 


Penicillium pusillum Smith. Brit. Mycol. Soc. Trans., 22, 1939. 



Malt. The colony diameter measures, at 14 days, 4*5-5 cm. The surface is 
slightly mealy, lily-green, passing into a bluish-green colour towards the edge of 
the sporing area, and with a broad white margin which later becomes deep slate- 
green (XLVII). Small yellow sclerotes are present, but not visible from above, 
as they are embedded in the felt. Malt slopes of the same age show a white felted 
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mycelial overgrowth. In this area, exudate droplets form and, as they dry out, give 
a pitted appearance to the surface, and in this mat the sclerotes form. 

The reverse is greenish-buff, the buff colour being more marked at the centre, 
and the margin is cream. 

Czapek . In 14 days the diameter of the colony measures 2 5-3 cm. The growth 
on this medium remains very thin, and sporing is much reduced, in lily-green shades 
forming a network over the surface. The margin is fimbriate. Sclerotes are not 
present. 

The reverse is uncoloured, with patches of green, which correspond to the 
sporing areas on the upper surface. 

Raulin. The colony diameter measures 4 cm. at 14 days. The surface is velvety, 
pale glaucous blue (XLII), with small colourless or pale yellow exudate drops and 
a narrow white margin. 

The reverse is buckled and coloured avellaneous (XL) to cream. 

Morphology . The smooth-walled comdiophores arise either from trailing hyphae 
or from well-defined ropes. Some of them are very short (8-10 /a), but the greater 
number are 50 /a or longer. Most of them are strictly monoverticillate, but occasion¬ 
ally a branch occurs close to the vesicular apex. Numerous sterigmata arise over 
this surface and bear spores in tangled chains. The tinted spores are globose, 2 /x in 
diameter, with rather sparsely developed, small but distinct echinulations on their 
walls. 

The sclerotes are soft and readily crushed, averaging 100 /a. They are yellow, 
with orange-brown hyphae adhering to their surface, and composed of cells about 
5 fx in diameter, with walls 1-15 fj. thick. 

These isolations differ from the description of the type species in the pale 
reverse (lack of purple pigment) and the rough nature of the spore wall. The 
other characters agree well, and the spore shape and size are in accord. For these 
reasons the Australian forms have been placed in Smith’s species, though they 
represent probably a variant of his type. 

The features of diagnostic significance are: 

(1) No formation of sclerotes on Czapek agar. 

(2) The soft character of the sclerote wall. 

(3) The globose, small spores. 

Isolated from litter under Banksia marginata and Leptospermum m\rsinoides 
when samples were plated out with both malt and Czapek agar at 40° and 80° C. 

Penicillium spinulosum Thom. U.S. Dept. Agr. Bur. Anim. Ind. Bull., 118, 1910. 

Malt. The diameter of the colony measures 5-16 cm. in 14 days. The surface 
is velvety to sparsely floccose; at first, artemisia green (XLVII), but later darken¬ 
ing towards deep slate-olive with a tendency to zonation; white margin. 

The reverse shows a cream background at first, with some green colour showing 
through in a faintly zoned pattern. Later, light ochraceous salmon tints (XV) 
appear at the centre of the colony, and this pinkish colour spreads outwards. 

Czapek. 1 he colony diameter at 14 days is 3*5-4 cm. The surface is velvety 
or sparsely floccose, with the same colours as on malt agar. Colurless exudate drops 
are often present over the sporing area. 

The reverse is buckled, and cream with pinkish or buff tints sometimes showing. 
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Raulin. The colony diameter at 14 days is approx. 4 cm. The surface is similar 
to that on Czapek and malt agars. 

The reverse is buckled; at first cream, but developing pinkish shades dose to 
buff pink (XXVIII). 

Morphology. The conidiophores arise most commonly from the substratum; 
some, however, arise from trailing hyphae, so they are of variable length. They 

may be smooth or rough walled, and are 
k often septated; each enlarges at its apex 
to form a vesicle approximately 5 /x 
wide, which bears a whorl of sterigmata 
over its surface. They average from 7 to 
10 fj. in length, and narrow towards the 
spore-bearing end. The spores are borne 
in long, narrow, rather frayed columns 
(300 //,), and they appear to increase in 
size quickly, as there is not much grada¬ 
tion in size between the six or eight that 
remain on the sterigmata in fluid mounts. 
The connectives are distinct. The spores 
are globose to sub-globose, 3-3 5^ in 
diameter, roughened with short spines. 

The diagnostic features of significance 
are: 

(1) The velvety surface. 

(2) The pale reverse on all three 
media. 

(3) The globose, spiny spores. 

Isolated from the A and B horizons 
of the Frankston sandy podsol; it is one 
of the commonest forms in the A horizon. 
It was also obtained from the Mallee soils 
at a depth of 18 in. 

Penicillium purpurrescens (Sopp) Raper and Thom. Raper and Thom, A Manual 
of the Penicillia, 1949. 

Malt. The colony diameter is 5-5 5 cm. in 14 days. The surface is velvety; in 
early growth the sporing colour is greyish blue-green (XLVIII), becoming slate- 
olive to deep slate-olive (XLVII), or dull greenish black, faintly zonate, with a 
white margin; colourless exudate drops may be present. 

The reverse is pale, with the dark sporing shades eventually showing through. 

A pale purple colour may develop at the centre of the growth. 

Czapek. The colony diameter measures 2 5 cm. in 14 days. The surface is 
velvety and radiately furrowed. The sporing colours are much as for malt, sporing 
practically to the edge of the colony; pale amber exudate droplets may form. 

The reverse is slightly buckled. At first pale, but later developing some vinaceous 
brown colour (XXXIX). 

Raulin . The colony diameter is 3 cm. in 14 days. The surface is velvety, and 



Fig. 4.— P. spinulosum Thom. 1. Habit 
sketch. 2. Details of penicillus, X 600. 
3. Spores, X 600. 
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radially furrowed. The sporing colour is much as for malt, but denser, zonate, with 
a white margin and colourless exudate droplets. 

The reverse is pale at first, buckled, tawny to russet brown (XV) colours 

developing at the centre, and extending ouh 
wards. 

Morphology. The rough-walled conidio- 
phores arise close to the substratum, and 
they enlarge markedly at their apices to form 
vesicles from 4 to 7 /a broad. They bear 
crowded sterigmata which support conidia in 
columns, 150-200 /x long. The penicilli are 
typically monoverticillate, but occasionally a 
branched conidiophore may be observed. 
The conidia are globose, 3*5-4 /a, dark coL 
oured and conspicuously roughened, with 
short but porminent spines. 

There is a strong, almost fetid, odour 
developed in culture. 

The features of diagnostic significance 
are: 

(1) The dark-coloured sporing surface. 

(2) The purplish to brown colours in 
reverse. 

(3) The large, dark coloured, spiny, 
globose spores. 

Fig. 5. — P. pur,pur re sc ous (Sopp) Raper (4) The pronounced odour. 

and Thom. 1. Habit sketch. 2. Details twit . . , . r , . 

of penicillus, X 600. 3. Spores, X isolated from the A horizon of the sandy 
600. podsol at Frankston, Victoria. 



Penicillium frequentans Westling. Archiv fur Botanik, 11, 1911. 

Malt. The colony diameter measures 6 cm. in 14 days. The surface is velvety, 
in age becoming slightly furrowed, artemisia green (XLVIII) or bluish grey-green 
(XLII); the colour is very uniform right across the colony surface; outwards 
it may be faintly zoned, with a narrow white margin. 

The reverse has a background of yellowish citrine (XVI), with orange (III) 
or ochraceous orange (XV) in the centre and spokes of similar colour radiating 
out from it; in some strains, little of the orange colour appears. 

Csapek. The colony diameter measures 4 cm. in 14 days. The surface is velvety, 
bluish grey-green (XLII), with some overgrowth of paler hyphae and a white, 
rather strigose, margin. 

The reverse is slightly buckled, mars yellow (III), in some strains closer to 
ochraceous orange (XV); paler towards the margin, the yellow colour diffuses 
into the medium. 

Raulin. The diameter of the colony measures 6 cm. in 14 days. The surface is 
velvety, with similar colours to those on Czapek agar. 

The reverse is slightly buckled radially, and is cinnamon to Prout’s brown 
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Habit sketch. 2. Details of peni- 
cillus, X 600. 3. Spores, X 600. 


(XV) ; the colour is fairly uniform, with a 
pale margin. 

Morphology . The long conidiophores arise 
from the basal felt and enlarge at their ends into 
vesicles 5 /i broad. They are smooth-walled, 
occasionally they may be slightly roughened, 
and bear crowded clusters of sterigmata 8-10 jx 
long. These support long chains of conidia 
grouped together to form long narrow columns 
about 350 /a X 10 ft. The spores are globose, 
2*5 to 3 ft in diameter, with walls smooth or 
sometimes finely roughened 

The features of diagnostic significance are: 

(1) The velvety surface. 

(2) The deep yellow to brown colour of 
the reverse. 

(3) The globose, smooth, or at most finely 
roughened, spores. 

Isolated from the B and C horizons of the 
Frankston sandy podsol, and from the litter of 
Ricinocarpus pinifolius, as well as from the B 
horizon (15 in.) of a mountain loam at Bogong 
High Plains, Victoria. 


Penicillium restrictum Gilman and Abbott. Iowa State College Journ. Sci., 1, 
1927. 

Malt. The colony diameter at 14 days measures 2 5 to 3 cm. (in some isolations 
reaching 4 cm.). The surface is slightly floccose and is essentially pearl grey to 
hathi grey or deeper (LII), but this colour may be masked by the intense develop¬ 
ment of blood-red exudate drops giving a reddish colour to the greater part of the 
colony; in other strains, bright yellow drops are mixed with the red, and give a 
multi-coloured surface; while in others only yellow or colourless drops appear. I he 
margin is pale and abrupt. 

The reverse varies with the strain. Those forms with bright coloured drops 
are characterized by colours close to primuline yellow to old gold (XVI), with 
the deeper colour sometimes in zones. When the drops are paler, the reverse is 
lemon chrome (IV). All isolations show a yellow colour in the surrounding agar. 

Czapek. The colony diameter at 14 days measures 2 cm. The surface is floccose 
and varies from hathi grey (LII) to nearly white. Bright yellow exudate charac¬ 
terizes most strains; when first isolated many of them develop blood-red droplets, 
but this character disappears after repeated sub-culturing. 

The reverse is slightly buckled. At first it is uncoloured, then lemon yellow 
colours appear in some strains; this deepens in age to citron yellow (XVI), and 
the yellow pigment diffuses into the medium. 

Raulin. The colony diameter at 14 days measures 2 to 2 5 cm. The surface is 
floccose and may develop pale grey shades, more often remaining white, with 
yellow and colourless exudate diops. 

The reverse is buckled. The colony tends to lift away from the agar in a 
dome-shaped fashion. The colour is lemon yellow. 
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Morphology . Numerous trailing hyphae cover the surface of the colony, and 
from these arise very short conidiophores; the average length lies between 10 and 
25 fi. These are smooth-walled, and bear over their slightly inflated tips a number 
of short sterigmata, averaging 5 /*. long. The penicilli are small structures, and do 
not support long spore-chains. The spores are globose, 2 /x in diameter, clear and 
echinulate when young, becoming brownish in age, and the surface markings 
become blunter and somewhat tuberculate in character. 

The forms included here all 
agree in possessing small, glo¬ 
bose and spiny spores, similar 
to those formed by the culture 
labelled N.R.R.L. 1748 (see 
Raper), but the cultural char¬ 
acters vary with the different 
isolations, and particularly from 
those shown by the American 
form, which in our experience 
never shows the bright red and 
yellow exudate drops nor the 
bright yellow reverse on any of 
the three media. In age, how¬ 
ever, N.R.R.L. 1748 on malt 
becomes light pinkish cinnamon 
(XXIX), and on Czapek straw 
yellow (XVI). 

The -features of diagnostic 
significance are: 

(1) The restricted growth on 
all three media. 

(2) The floccose surface in 
tones of pale grey, often masked 
by brightly coloured droplets. 

(3) The yellowing of the 
media beyond the colony edge. 

(4) The small, globose, spiny and brown-coloured spores. 

Isolated from the A, B and C horizons of the Frankston sandy podsol, and 
from the B horizon (9-14 in.) of a mountain loam at Bogong High Plains, Victoria. 
Also from the rhizosphere of roots of Epacrts impressa and Hibbertia scricea 
growing on the Frankston heathland. 

Penicillium fuscum (Sopp) Raper and Thom. Raper and Thom, A Manual of 
the Penicillia, 1949. 

Malt. The colony diameter measures 3 cm. in 14 days. The surface is floccosc, 
pearl grey (LI I), sometimes with pale yellow exudate drops; margin abrupt. 

The reverse is cream, and in age brown tones may develop 

Czapek. The colony diameter measures 2*5^3 cm. in 14 days. The surface is 
floccose, remaining white for some time, but eventually tints of pearl to hathi grey 
develop (LII), and numerous colourless exudate droplets appear in the central 
region. 

The reverse is slightly buckled, and cream coloured. 



P. restriction Gilman and Abbott. 1. Habit sketch. 
2. Details of conidiophore and penicillus, X 600. 3. 
Spores, X 600. 

P. fuscum (Sopp) Raper and Thom. 4. Habit sketch. 

5. Details of conidiophore and penicillus, X 600. 

6 . Spores, X 600. 
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Raulin. The colony measures 2 cm. in 14 days. The surface is floccose, with 
characters as described for Czapek. 

The reverse is irregularly buckled, and cream, but later becomes clay-coloured. 

Morphology. The smooth-walled, or slightly roughened, conidiophores arise 
from trailing hyphae or from well-defined ropes of hyphae. Many are short, about 
10 but some may reach 40 /x or more. They are monoverticillate in type, with 
slightly inflated ends, and bear a crown of short sterigmata. These are 5-8 /x long, 
and are constricted towards their tips. The conidia are arranged in tangled masses, 
and when mature they are dark-brown, globose, large, 4-4 5 /x in diameter, and 
ornamented with blunt spines. The young spores, while still attached to the 
sterigmata, are colourless and spinulose. Many of the spores appear to fail to reach 
maturity. 

In the early stages of growth the cultural characters of our isolations appear 
very similar to those of N.R.R.L, 1748 (P. restrict urn ), but in the later stages they 
differ in the absence of the yellow tints in reverse, and the yellow exudate droplets. 
It is the spore characters that suggest they approximate to Pemcillium fuscum as 
interpreted by Raper et al., but they differ from this species as described by them in 
the restricted growth on malt agar. 

The features of diagnostic significance are: 

(1) The restricted growth on all media. 

(2) The monoverticillate penicilli. 

(3) The large, coloured, rough-walled, globose spores. 

Isolated from a mountain loam at Bogong High Plains, Victoria, from the B 
horizon at 9-14 in. level. 

Aspergillus Sydowi (Bain and Sart) Thom and Church. Thom and Church, The 
Aspergilli, 1926. 

Malt. The colony diameter measures 6-7 cm. in 14 days. The surface is slightly 
floccose, and zoned, dark olive-grey to deep olive-grey to olive-grey (LI), with a 
narrow white margin. 

The reverse is cream, with dark green sporing shades showing through in a 
zoned pattern. 

Czapek. The colony measures 2 5-3 cm. in 14 days. The surface is slightly 
floccose. At the centre the colour is slate-olive, but the greater part of the surface 
is in shades of blue-green near to gnaphalium green (XLVII), with light amber 
exudate drops. 

The reverse is buckled. In some strains it is at first cream, in others clay- 
coloured (XXIX), and deepens to cameo brown (XXVIII), with a tendency 
towards redder hues; the pigment diffuses into the surrounding medium. The 
paler strains show patches of similar colour in age. 

Raulin. The growth rate is similar to that on malt. The surface is floccose * 
dark olive-grey to paler shades (LI), with a white margin. Sometimes numerous 
pale exudate drops may he present. 

The reverse is buckled, cream at first, later brownish areas develop. 

Morphology. • The conidiophores arise either from trailing hyphae or sometimes 
from well-developed ropes. They are usually rough-walled and very variable in 
length, 15 fx to 150 /x (many about 50 /x). Each is inflated into a distinct vesicular 
head, 5-6 /x broad. The sterigmata arise over its surface, and tend to be parallel 
to one another; sometimes they are rough-walled, and they are constricted below 
the point of origin of the spores.. The spore chains form distinct narrow columns, 
at least on malt agar. The conidia are globose, brown, 3-3 5 or even 4 /x, and 
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roughened by blunt spines 
which are almost tubercular 
in form. 

These isolations show the 
restricted growth on Czapek 
agar, and the brown, rough, 
globose spores that char¬ 
acterize Pcnicillium restrict 
turn, but the growth on malt 
and Raulin agars differs 
markedly from the growth 
of that species. Raper ex¬ 
amined one of our isolations 
(PVA 8 ) and suggested that 
it represented P. restriction 
Gilman and Abbott, but said 
‘it is rather unique in pro¬ 
ducing penicilli which are 
unusually large for this 
species.' We have had these 
isolates in culture for some 
time and they consistently 
show the characters as de¬ 
scribed and figured here. 
The relationship between P. 
restrictum and Aspergillus 
Sydozui has been discussed 
by Raper and Thom, and 
we have, with some hesi¬ 
tation, interpreted our form 
as representing a strain of 
Aspergillus Sydowi. 

The features of diagnos¬ 
tic significance are: 

(1) The restricted growth 
on Czapek agar, but spread¬ 
ing colonies on malt and 
Raulin’s agar. 

(2) The production of 
reddish-brown pigment in 
reverse on Czapek, with 
diffusion of the pigment 
into the medium. 

(3) The brown, globose 
and roughened spores. 


Fig. 8 . —Aspergillus Sydowi (Bain, and Sart.) Thom and 
^Church. 1. Habit sketch from malt agar. 2. Habit 
sketch from Czapek agar. 3. Details of conidiophore and 
penicillus, X 600. 4. Details of rope, X 600. 5. Spores, 
X 600. 


Isolated from a moun¬ 
tain loam at Bogong High 
Plains, Victoria, from the 
A and B horizons (0-32 
in.). 
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Penicillium fellutanum Biourge. La Cellule, 33, 1923. 


Malt. The colony diameter measures 1-5-2 cm. in 14 days. The surface is 
floccose, and remains white for some time, but finally becomes flecked with pea 
green (XLVII). 

The reverse is yellow, close to citron yellow (XVI), but becomes paler in age. 
When the plates are incubated at 25° C., the yellow colour is more intense and it 
may diffuse into the surrounding agar. 


Csapek. The colony diameter measures 15-2 
cm. in 14 days. The surface is floccose. At first, it 
is white, but later pea green colours develop, and 
sometimes pale yellow exudate drops occur. 

The reverse is buckled, and cream buff (XXX) 
in colour. 

Raulin . The rate of growth is similar to that on 
Czapek. The surface is floccose and white, with pea 
green colours developing later. 

The reverse is buckled, and lifts away from the 
medium in a dome-like manner; cream buff (XXX). 

Morphology. The conidiophores are not numer¬ 
ous. They arise mostly from trailing hyphae, and are 
comparatively short, 20-30 /x in length, and smooth- 
walled. Each bears a few sterigmata, 5-6 /x long, 
over the inflated ends. The spores are borne in 
short columns; they are sub-globose, smooth-walled, 
and are 2 5-3 /x in diameter. 

The features of diagnostic significance are: 

(1) The floccose, rather than velvety, surface of 
the colony. 

(2) The sparsely sporulating surface in shades 
of pea green. 

(3) The pale-coloured reverse. 

Isolated from the B horizon of the Frankston 
sandy podsol. 



Fig. 9.— P. fellutanum Biourge. 
1. Habit sketch. 2. Details 
of condiophores and peni- 
cillus, X 600. 3. Spores, X 
600. 


Penicillium lividum Westling. Archiv. fur Botanik, 11, 1911. 

Malt. The colony diameter measures 6 cm. in 14 days. The surface is very 
lanose, greyish blue-green to deep greyish blue-green (XLVIII), with a narrow 
white rim. 

I he reverse is plane, ochraceous salmon to ochraceous orange (XV), with 
slight zoning towards the paler margin. 

Csapek. 1 he diametei of the colony at 14 days is approximately 4 cm. The 
surface is lanose, deep greyish blue-green, outwards deep glaucous grey (XLVIII), 
with a narrow white rim and compact margin. The outer part of the surface is 
faintly zoned. 

The reverse is plane, and light ochraceous salmon (XV). 
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Ranlin. The colony 



Fig. 10.— P. lividum West- 
ling. 1. Details of peni- 
cilius, X 600. 2. Spores, 
X 600. 


diameter is 5-5*5 cm. in 14 days. The surface is lanose, 
deep greyish blue-green at the centre and paler beyond, 
with slight pitting from drying out of the colourless 
exudate drops. 

The reverse is slightly puckered, cinnamon, passing 
into verona brown (XXIX), and some pure yellow 
colours close to the margin 

Morphology . The long conidiophores arise from the 
basal felt, and have slightly roughened walls. They are 
septated, and swell out into a depressed globose vesicle 
which bears parallel sterigmata 10 f± in length over its 
surface. Each narrows perceptibly close to the conidial 
producing tip. The conidia are produced in tangled 
chains. Each spore is elliptical, with conspicuous con¬ 
nectives between them, while still attached in the peni- 
cillus. When mature, they are variable in size, generally 
elliptic, averaging 3 X 2*5/4,, occasionally 5X3 /x. They 
are rough-walled and greenish in colour. 

The features of diagnostic significance are: 

(1) The greyish blue-green colours of the sparing 
surface. 

(2) The long conidiophores arising from the basal 

(3) The elliptical, roughened spores. 

Isolated from the Mallee soils at the 28 in. level. 


felt. 


Penicillium vinaceum Gilman and Abbott. Iowa State Coll. Journ. Sci., 1, 1927. 

Malt. The colony diameter at 14 days measures 2-2*5 cm. The surface is lanose 
and mainly white. The deep felt, however, overlies yellow hyphae. Sporulation is 
sparse; in age, a slight greyish colour is visible in the sporing areas. Pinkish to 
blood-red exudate drops are present, but not so abundantly as on other media. The 
margin of the colony is abrupt. 

The reverse is plane, mikado to verona brown (XXIX). 

Czapek. The rate of growth is similar to that on malt agar. The surface is 
essentially white, with some yellow mycelium present. Exudate drops form so 
abundantly that they give the characteristic appearance to the colony. The young 
drops are in light red tones, quickly passing into blood red, and in age becoming 
almost black or very deep blood-red.. 

The reverse is slightly buckled and furrowed. Early, it is terra cotta to pecan 
brown (XXVIII). The colour is intense to the edge of the colony, and later it 
deepens to maroon (I) or darker. The colour diffuses into the medium, and appears 
brazil red or deeper (I). 

Raulin. The colony measures 2-2 5 cm. at 14 days. The surface is lanose, and 
white, with blood-red droplets across the surface. These do not darken as do those 
on Czapek. 

The reverse is buckled, and is chocolate to burnt umber in colour (XXVIII). 
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Fig. 11. — P. vinacewm Gilman and 
Abbott. 1. Conidiophore and peni- 
cillus, X 600. 2. Rope with coni¬ 
diophores, X 600. 3. Hypha with 
incrustation, X 600. 4. Spores, X 
600. 


Morphology. The hyphae are encrusted 
with yellow or red crystalline deposits, 
and the short conidiophores, 10 to 20 /a, 
or occasionally longer, arise from trailing 
hyphae or sometimes from ropes of hyphae. 
The monoverticillate penicilli consist of a 
few sterigmata, 6-8 fx in length. Each nar- 
nows to a conidial tube and supports a chain 
of globose spores in which the connectives 
are conspicuous. The spores are sub-globose, 
mostly about 2 /a in diameter, often apiculate 
from the persistent connective, smooth or 
slightly rough-walled. 

The features of diagnostic significance 
are: 

(1) The restricted growth on all three 
media. 

(2) The abundance of deep red exudate 
drops of Czapek and Raulin agars. 

(3) The sparse formation of sporing 
heads. 

(4) The short conidiophores and apicu¬ 
late small spores. 

Isolated from the Mallee soils (Mildura) 
at the 6 in. level. Ninety per cent of the 
isolations at this level were P. vinaceum. 


Penicillium Adametzi Zaleski. Bui. Acad. Polonaise Sci.: Math, et Nat., Ser. B, 
1927. 

Malt. The colony diameter measures 4*5 cm. in 14 days. The surface is mealy, 
often becoming tufted in the centre, lily green to deep slate green (XLVII), zoned 
outwards, the margin white and partly submerged. 

The reverse is isabella colour (XXX), sometimes intensifying to a deep yellow 
or ochraceous orange (XV) at the centre, fading towards the margin. The yellow 
pigment diffuses into the medium beyond the colony. 

Czapek. The colony diameter measures 3-3 5 cm. in 14 days. The surface is 
floccose to almost velvety, in light green shades close to artemisia or lily green 
(XLVII), and zoned, with a white margin. Yellow exudate drops may be present. 

The reverse is buckled, in yellow colours varying from wax yellow (XIV) to 
cadmium orange (III). Some isolations show paler colours, near to ochraceous 
buff and ochraceous salmon (XV). The yellow pigment may diffuse into the 
medium. 

Raulin. The colony diameter at 14 days measures 4 cm. The surface is floccose 
to mealy, artemisia to lily green, with a white margin. Overgrowths of white 
mycelium are common. Colourless to pale yellow exudate drops may occur. 

The reverse is buckled, with brownish shades developing on a yellow ochre 
background (XV), often in a zoned manner. 
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Morphology. The conidiophores may arise from trailing hyphae that form a 
close felt on the colony surface, or from ropes of hyphae which may sometimes 
become so profuse as to form coremial-like masses. The conidiophores are smooth- 
walled in some isolations, rough in others, and occasionally may bear a branch some 
distance from the apex. The ends are swollen out to form a distinct vesicle 5 ^ broad; 
eight or more sterigmata arise over this inflated surface. They average about 8 
in length, and they support chains of spores arranged in long narrow columns 
(250-300 y.). The spores are sub-globose, 2-2 5 ^ in diameter, with smooth, or 
sometimes granulated, walls. 



Fig. 12.— P. Adametsi Zaleski. 1. Surface of colony (diagram). 2. Sketch illustrating ropy 
habit. 3. Sketch of single conidiophore. 4. Details of conidiophore and penicillus, X 420. 
5. Spores, X 420. 


The features of diagnostic significance are: 

(1) The predominantly funiculose habit. 

(2) The yellow to orange or brown colours in reverse on Czapek and Raulin’s 
agar. 

(3) The smooth, sub-globose spores. 

Isolated from the A, B and C horizons of the Frankston sandy podsol, and 
from samples of the litter present under the plants growing on it, when plated out 
with malt or Czapek agar at 60° and 80° C. Also isolated from the Mallee soils 
at 6 in. and 12 in. levels. 
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The Monoverticillata-Ramigena series includes those members of the genus that 
have the characteristic monoverticillate penicilli with conspicuously vesicular heads 
but the conidiophores are branched. Sometimes there is only one branch and the 
placement of such forms into the series is not difficult; sometimes there are several 
branches arising more or less at the same level and these forms approximate to the 
Lanata-divaricata pattern. 

Key to the Monoverticillata-Ramigena 

1. Spores globose, rough 
Spores elliptic, smooth 
or 

1. Sporing colour on Czapek, slate olive 

Sporing colour on Czapek, pale gnaphalium-green to storm-grey .. 

Penicillium Waksmani Zaleski. Bui. Acad. Polonaise Sci.: Math. 

1927. 

Malt. The colony diameter in 14 days is from 3 to 4 5 cm. The upper surface 
is mealy, and becomes deep slate olive (XLVII); towards the margin a greyish 
blue-green (XLVIII) is seen with a very narrow and abrupt white edge. The 
whole surface is faintly zoned. 

The background of the reverse is at first cream, but later zones of brown shades 
occur regularly to the margin. The amount of zoning and the intensity of the 
colour varies with the strain and temperature of incubation. 


P. Waksmani 
P. cyaneum 

P. Waksmani 
P. cyaneum 
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Fig. 13. P- Waksmani Zaleski. 1. Habit sketch. 2. Details of conidiophore and penicillus, X 

420. 3. Spores, X 420. 


Czapek. In 14 days the colony diameter is 2-2 5 cm. The characteristic feature 
is the very thin growth on this medium, a feature constant for all the strains that 
have been isolated. The amount of sporing is reduced and occurs mainly towards 
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the centre, where the colour is deep slate olive. There is a broad transparent white 
margin to the colony. 

The reverse is colourless; the colour of the sporing heads shows through. 

Raul in. The diameter of the colony is 3-3 5 cm. The surface is almost velvety, 
slate olive or greyish blue-green (XLVII I). The centre lifts away from the 
medium and some overgrowth of white mycelium may occur. There is a narrow 
white rim to the colony. 

The reverse is much buck-led. It is at first cream, passing through shades of 
yellow, with zones or patches of brown colour. The brown colour intensifies with 
age and becomes darker than the reverse on malt agar. 

Morphology. Conidiophores arise either from the substrate or from trailing 
hyphae, occasionally from well defined ‘ropes’. They are rough-walled and very 
variable in length, some of them very short. Many of the conidiophores are of the 
simple monoverticillate type. Others are branched, some with a branch distant 
from the apex or with three branches closer to the tip and forming a rather 
divaricate pattern. All the branches have a pronounced vesicular head (3-4 /x) 
which bears a group of sterigmata 5-7 /x long. These bear the spore chains which 
form rather tangled masses and are not in definite columns. The spores are globose, 
small, mostly 2 /x in diameter, with slightly roughened walls. 

The features characteristic of this form are: 

(1) The restricted growth on all three media. 

(2) The very poor growth on Czapek medium. 

(3) The rough-walled conidiophores. 

(4) The small, globose and delicately roughened spores. 

The isolations represented by this description do not fit readily into any described 
species. Raper, after examination of one of the isolates (4 A e ), remarks in corres' 
pondence that ‘lie would not care to assign a specific name to this strain,’ but he 
believes it to approximate to P. IVaksmam Zaleski, and we agree that it doubtless 
represents a variety of this species. 

Isolated from the A horizon of the sandy podsol at Frankston, Victoria, and 
from the Mallee soils, Mildura, at 70 in. level. 


Penicillium cyaneum (B. and S.) Biourge. Liste Onomastique, La Cellule 33, 
1923. 

Malt. At 14 days the colony diameter is 6 5-7 cm. Some slower growing strains 
reach only 4 cm. The upper surface is velvety, sage green to slate olive (XLVII), 
closely zoned with a wide (1 cm.) thin margin. 

The reverse is pale with green sporing shades showing through; in age the 
green colour intensifies; zoned. 

Malt slopes kept at 3° C. in age show a very dark green reverse. 

Czapek. Growth much restricted and only slightly buckled. At 14 days the 
colony measures 2 cm. The surface is velvety and even in age shows pale shades; 
gnaphalium green (XLVII) or bluish grey-green (XLII) to storm grey (LII) 
with pale droplets. Later, pink colours appear in patches with many pale pink 
exudate drops. There is a narrow white margin. 

The reverse shows shades of pinkish buff with deeper tones developing in age. 
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RauUn. Colony diameter is 4 cm. and buckled. The upper surface is velvety 
to slightly floccose with sporing colour much as on Czapek agar; the centre some¬ 
times umbonate, due to the colony lifting away from the medium narrow white 
margin. 

The reverse is in pale buff shades (tilleul-buff to avellaneous (XL)), fading 
outwards to cream. The buckling is both radial and concentric in pattern. 

Morphology. The conidiophores arise 
from trailing hyphae. Some are mono- 
verticillate, but typically they fork towards 
their ends. Each branch develops equally 
and becomes inflated at its apex. Occa¬ 
sionally three or more branches develop 
in a verticil. The sterigmata are from 5 
to 7 ix long and they bear chains of spores 
in somewhat tangled loose columns. The 
spores are elliptic, 2 X 3 /a, smooth-walled 
in age, pale olive-tinted. 

The features that characterize these 
‘ramigena’ isolations are: 

(1) The light hluish green sporing 
colours on Czapek and Raulin agar. 

(2) The elliptic smooth-walled spores. 
Isolated from the A horizon of the 

sandy podsol at Frankston, Victoria, and 
from the litter present on this soil, as 
well as from the rhizosphere of roots of 
Epacris impressa growing in this habitat; 
also from the B horizon of mountain loam 
at depth of 10-18 in. 

THE ASYMMETRICA-DIVARICATA 

Included in this section are those Penicillium species with asymmetrically 
branched conidiophores. The angle of branching is always wide, so the fertile 
system is divaricate in appearance. In some members of the group the branching, 
although wide, is more or less at one level (metulae) and the penicilli are then 
more compact but definitely spreading in form. 

Key to the Asymmetrica-divaricata 

1. Sclerotes present 

1. Sclerotes absent 

2. Sporing surface pinkish-vinaceous 

2. Sporing surface not so coloured 

3. Ropes of hyphae present .. * 

3. Ropes of hyphae absent 

4. Rate of growth restricted; deep brown colours in reverse, particularly 

on malt and Raulin agars. 

4. Rate of growth not restricted; reverse on malt agar olive yellow 
with bands of olive green through it . 

4. Rate of growth not restricted; reverse on malt pale-coloured 


P. Rolfsii 
2 . 

P. lilacinum 

3. 

4. 

5. 

P. Godlcivskii 

P. janthinelhun 
P. piscariwn 



Fig. 14. — P. cyaneum (Bain, and Sart.) 
Biourge. 1. Details of penicillus, X 
600. 2. Spores, X 600. 
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5. Conidiophore and metulae walls very rough 

5. Conidiophore and metulae walls smooth. 

6 . Sporing surface on Czapek and Raulin agars in shades of glaucous 
blue to bluish grey-green 

6 . Sporing surface on Czapek and Raulin agars olive grey or neutral 

grey to slate olive. 

7. Spores globose and distinctly echinulate 

7. Spores globose, smooth, or only slightly roughened .. 

8 . Growth on malt agar not restricted, 6-7 cm. in 14 days 

8 . Growth on malt agar more restricted, 2-4 cm. in 14 days 

9. Spores globose, rough, 5 ^ in diameter. 

9. Spores globose, smaller 

10. Spores globose, spiny, 3 m in diameter. 

10. Spores globose, almost smooth, 3 m in diameter. 


6 . 

8 . 

P. canescens 
7. 

P. Melinii 
P. Raciborskii 
P. jcmthinellum 

9. 

P. albidum 

10 . 

P. nigricans 
P. Kapnscinskii 


Penicillium Rolfsii Thom. The Penicillia, 1930. 

Malt. In 14 days the colony diameter is 6 cm.; the upper surface is covered 
with small sclerotes. The penicilli are formed sparingly and they do not contribute 



Fig. 15.— P. Rolfsii Thom. 1. Details of penkillus, X 600. 2. Sclerotes X 65. 

3. Spores, X 600. 


to the general colour of the cultures, which is dark vinaceous to Corinthian red 
(XXVII) with reddish exudate drops. The margin is broad, maize yellow (IV) 
and powdered with white sclerotes. 

The reverse is salmon buff (XIV) at the centre, fading outwards to white. 
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Czapek. The colony is more restricted in growth on this medium. It averages 
in 14 days 1 -5-2 cm. and is buckled. The surface shows the colour of the penicilli, 
lily green (XLVII) at the centre with yellow shades beyond and with a narrow 
white margin. At this age, sclerotes are not noticeably present on this medium, but 
later they form in abundance and the surface becomes deep vinaceous to light 
corinthian red (XXVII). 

The reverse is buckled, pale flesh to flesh colour (XIV), with a white margin. 

Rmlin. In 14 days the colony diameter is 2-3 cm., the surface is much buckled, 
white, with no visible sclerotes. Later these form in abundance and the surface 
shows similar colours to those developed on malt agar, with numerous pale exudate 
droplets. r . • 

The reverse is buckled, cinnamon-clay to tawny olive (XXIX), with a white 
margin. 

Morphology . The smooth-walled conidiophores arise from trailing hyphae. 
Some are of the monoverticillate type, but the majority on malt become once 
branched in a divaricate fashion. Each branch is 10-15 /x long, slightly swollen at 
the tip, and bears a few sterigmata (7-8 n) which narrow at their tips and produce 
chains of smooth elliptical spores 2 5 X 2 ft. On Czapek agar the conidiophores 
are more complex, often branched at some distance below the apex, and each 
branch bearing three or four metulae with sterigmata of similar dimensions to 
those on malt. The sclerotes are small, rather regular in shape, globose to elliptical, 
with an average size of 200 X 160 /x. Under the microscope they appear an orange- 
pink colour. The surface is smooth and shows an outer coat of thickened angulai 
• cells. They are hard and brittle and when cracked exude a quantity of oil, but 
there is never any trace of ascal development. 

The features of diagnostic significance are: 

(1) The formation at an early stage of growth on malt agar of the pinkish 
sclerotes, and their non-appearance at the same age on Czapek agar. 

(2) The smooth-walled conidiophores of a divaricate pattern. 

(3) The elliptic smooth-walled spores. 

Isolated from the litter collected under Banksia rmrginata and Leptospermum 
myrsinoides when samples were plated out with malt agar at 60 and 80 C. 


Penicillium lilacinum Thom. U.S. Dept. Agr. Bur. Anim. Ind. Bui., 118, 1910. 


Malt. In 14 days the colony diameter is 5 5 cm. The upper surface is floccose, 

pinkish vinaceous (XXVII), with white margin. , . , VVYTY , 

The reverse shows shades of russet, vinaceous to sorghum brown (XXXIX) 
in faint zones In age dark shades to almost black form in the centre of the colony. 


Czapek. A colony of 4 cm. diameter develops m 14 days. The surface is 
floccose, at first white later becomes deeper than corinthian pink (XXVII). 

The reverse is rather drab with vinaceous colours forming towards the margin 
of the colony. 


Raulin Rate of spread similar to that on Czapek. The surface is floccose, 
corinthian'pink to pinkish vinaceous, the centre often overgrown with a white felt. 

The reverse shows slight circular buckling and the colours that develop are 
similar to those on malt. 
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Morphology. The smooth-walled coni' 
diophores are extremely variable in form. 
Sometimes they are very short, almost 
sessile, on aerial trailing hyphae. The longer 
ones arise from the substratum and bear 
complex penicilli of varying pattern. Some¬ 
times verticils of sterigmata are borne for 
some distance along their length. The sterig¬ 
mata appear to fall away readily; they are 
5-8 /x long and bear rather short and tangled 
spore chains which fall apart on mounting. 
The spores are elliptical, 2*5-3 [± in their 
longest axis, smooth-walled and pale lilac 
tinted. 

This species is characterized by the lilac- 
coloured sporing surface. 

Isolated from the Mallee soils (Mildura) 
at 35 in. level. 

Penicillium janthinellum Biourge, in Monogr., La Cellule 33, 1923. 

Malt. In 14 days colony diameter is 6-7 cm., the surface is floccose. Some 
strains remain white for a longer period than others, but eventually become light 
grey (dawn to hathi grey (II)) and then greyish blue-green (XLVIII). Pink 
exudate drops may be present. 

The reverse is olive yellow (XXX), deeper at the centre and fading outwards 
to paler tones. Later, characteristic bands of olive green radiate from the centre to 
the edge of colony. 

Malt slopes in age may be vinaceous fawn (XL) or carmine to ox-blood red 
(I) in reverse, and the upper surface may show pink colouration mixed with the 
grey to drab surface. 

Czapek. In 14 days the colony diameter is 4-5 cm. and the surface is slightly 
floccose. The isolations are variable in colour, in early growth white, and some 
may remain almost sterile. More usually the mycelium becomes flecked with flesh 
tints, and finally storm grey (LII) shades appear. 

The reverse early in growth is chamois (XXX) and the later colours are very 
variable, from almost colourless, sometimes with pink or vinaceous shades, to rufous 
red (XIV) with coral red (XIII) patches. 

Raulin. In 14 days colony diameter 4-5 cm., slightly floccose; hathi to storm 
grey (LII). Yellow exudate drops may be present; in age, deep to dark olive grey 

( LI ). 

The reverse is variable in colour in early growth but eventually shows shades 
of rather bright green (XXX-XXXI), with brown to red to purple (XXV) colours 
developed unevenly through it. 

Morphology. The conidiophores arise from the trailing hyphae or sometimes 
from ropes. They are very variable in length, some very short (5 /x). These are of 
the monoverticiHate type, but the majority are much longer. These may be branched 
at some distance from the apex. Often the conidiophore forks close to the tip and 
the diverging branches bear diverging metulae with swollen ends, or again the 



Fig. 16. — P. lilacinum Thom. 1. Details 
of penicillus, X 600. 2. Spores, X 
600. 
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diverging metulae (approx. 10 fx long) may be formed in a verticil. The walls of 
the conidiophore and of the hyphae may be roughened. The sterigmata are narrow 
and taper to a fine point (5-7 fx long). The spores are elliptical when formed and 
smooth-walled, but become sub-globose (2-2 5-3 fx ) and slightly roughened when 
mature. 



Some strains (Ci 5 , A 22 ) isolated by us appeared as a rule to be predominantly 
monoverticillate; only occasional branched penicilli occurred. The growth characters 
(although occasional strains lacked the typical pigmentation), the morphology of 
the sterigmata, the spores and spore chains agreed with P. janthinellum Biourge, 
and Raper (in correspondence) agrees that these forms should be assigned here. 

The features which aie of greatest diagnostic value in this variable species arc: 

(1) The broadly spieading colony on malt .agar, with light grey sporing shades. 

(2) The character of the reverse on malt agar. 
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(3) The development of the pink to red shades in reverse on old malt slopes. 

(4) The colours developed in reverse on Raulin’s agar. 

(5) The morphology of sterigmata and spores. 

Isolated from the A, B and C horizons of the Frankston sandy podsol. 

Penicillium piscarium, Westling in Arkiv. fur Botanik II, 54, 1911. 

Malt. In 14 days the colony diameter is 7-8 cm. At first the sporing surface is 
artemisia green (XLVII) and floccose, with slight zoning, but becomes olive grey 
to deep olive grey (LI). 

The reverse is avellaneous to fawn (XL). 

Czapek. The growth is more restricted on this medium; colony diameter at 14 
days is approximately 4 cm. The colour of the sporing surface is comparable to 
that on malt. 

The reverse is furrowed in both a circular and radial direction and is light 
buff (XV). 

Raulin. At 14 days the diameter is 6 cm., and the surface is furrowed. The 
colour agrees with that on other media, but an overgrowth of white mycelium 
occurs in the central region. 

The reverse is buckled, with patches of drab to benzo brown (XLXI) appearing. 

Morphology. The conidiophores arise from trailing hyphae and are very varied 
in form. Sometimes they are monoverticillate or ‘a divaricate group of two to 
several metulae’ or with a mixture of branchlets and sterigmata in the verticil. The 

vesicular apex bears the sterigmata which vary in 
length from 5 to 10 /a. They are long pointed and 
bear long but tangled spore chains. The spores are 
elliptic to ovate, 2 5-3 /a in the longest axis, with 
echinulate thickenings. 

This fungus was grown also on wort agar. The 
type of folding or buckling of the colony as seen in 
reverse showed a striking cellular pattern resembling 
the pattern of honeycomb. 

The features of diagnostic value within the jan- 
thinellum series are: 

(1) The absence of any conspicuous colouration 
on any of the media used. 

(2) The character of the folding on wort agar 
as seen in the reverse. 

(3) The very variable character of the conidio¬ 
phores. 

(4) The echinulate elliptic to ovate spore. (The 
echinulations in our strain Were not very well de¬ 
veloped.) 

This species has been isolated only once and was obtained from B horizon of 
the Frankston sandy podsol. 

Penicillium canescens Spp. Monogr., 1912. 

Malt. In 14 days the colony diameter is 7'5 cm. The surface is floccose; at the 
centre the colour is deep slate green to deep slate olive (XLVII), becoming paler 
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Fig. 18.— P. piscarium Westling. 
1. Spores, X 600. 
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outwards, with tufts of greyish mycelium right across the surface, and with a broad 
white margin. 

The reverse shows greenish buff shades with a faint pinkish drab centre 
(capucine buff or pinker (HI)), and the same colour appears towards the margin. 

Czapek. The colony diameter is 4 5 cm. at 14 days. The surface is floccose 
(not deeply) in shades of glaucous blue to bluish grey-green (XLII), the sur¬ 
rounding agar with vinaceous shades. 

The reverse is not buckled and is russet (XV) at the centre, paler beyond in 
buff shades, sometimes deepening again to dull indian purple (XLIV). 

Raulin. The colony diameter is 6 cm. in 14 days. The surface is floccose, deep 
to dark glaucous grey-green (XLII), with a few small colourless exudate drops 
and a white margin. 

The reverse is slightly buckled at the centre. The colour is yellow ochre (XV) 
with some buckthorn brown shades (XV). 

Morphology. The conspicuously rough conidiophores arise mainly from trailing 
hyphae but on malt agar some ropes are definintely present and subtend short 
conidiophores (40 /x long). Many of the conidiophores are comparatively simple 
and bear two divaricate metulae; others are more complex, and bear as many as five 
or six. They are 10-15 /x long and together with the conidiophore have much- 

roughened walls. Each me- 
tula bears a whorl of four 
to eight sterigmata, about 7 
iu, long, with a short narrow 
tip. The spores are borne 
in chains. On malt agar 
these chains are grouped 
in columns, but on Czapek 
agar, this tendency is less 
pronounced. The spores are 
globose with rough walls 
2-2 5 [x in diameter. 

The features of diagnos¬ 
tic significance are: 

(1) The very rough walls 
of the conidiophores and 
metulae. 

(2) The formation of 
spore columns at least in 
young cultures. 

(3) The grey-green spor- 
ing surface. 

(4) The globose rough- 
walled spores. 

Isolated from litter under 
Banksia mcirginata, when 
samples were poured with 
malt agar at 60° and 80° C. 



Fig. 19.— P. canesccns Sopp. 1. Habit sketch from malt 
agar. 2. Habit sketch from Czapek agar. 3. Rope, 
conidiophores and penicilli, X 600. 4. Spores, X 600. 
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Penicillium Godlewskii Zaleski. Bui. Acad. Polonaise Sci.: Math, et Nat., Ser. 
B, 1927. 

Malt. The growth on malt is somewhat restricted. In 14 days the colony 
diameter is 3-3 5 cm. At first the surface is almost velvety and artemisia green 
(XLVII), but later becomes more floccose and storm grey or deeper (LII) in 
colour. An exudate in the form of yellow droplets is often present in the earlier 
stages of growth. 

The reverse is benzo brown to fuscous (XLVI). The colour appears early and 
diffuses out into the medium. 

Czapek. In 14 days the colony diameter is 2 5-3 cm. The margin is irregular 
and the surface is at first white, but ultimately becomes pale green (celandine to 
artemisia green (XLVII) ; an exudate of pale yellow droplets often present. 

The reverse in youth is a light greenish yellow (chalcedony yellow (XVII)), 
but later develops brown colours and may deepen to the dark brown characteristic 
of growth on malt; colouration of the medium may occur. 



Fig. 20.— P. Godleiuskii Zaleski. 1. Habit sketch. 2. Ropes and conidiophores, X 410. 
3. Details of penicillus, X 410. 4. Spores, X 410. 


Raulin . In 14 days the colony is folded with a diameter of 2 5 cm. The surface 
is slightly floccose. At first it is white, but later grey shades appear (mineral grey 
to storm grey (LII)) with an exudate of numerous yellow droplets. 

The reverse is much folded and becomes intensely coloured (fuscous brown 
to fuscous black (XLVI)). The medium surrounding the colony may become 
yellowed. 

Morphology. Some conidiophores (500 //.) arise singly from trailing hyphae; 
others from ropes, in which case they are comparatively short (15-30 /x). The 
walls may be smooth or slightly roughened. They bear very diversified penicilli; 
some are monoverticillate, with only a few sterigmata, others bear one diverging 
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branch, and others again are more complex but typically divaricate. The sterigmata 
are usually few and measure 6-8 /x long by 2-3 /x wide. They bear short tangled 
chains of spores which are globose to sub-globose, smooth-walled, and measure 
2-2 ■ 5-3/*. 

The features of diagnostic significance, within the janthinellurn series are. 

(1) The more or less restricted growth on all media (including malt). 

(2) The deep brown colouration in reverse, particularly on malt and Raulin 
agar, with some colouration of the medium. 

(3) The presence of ‘ropes’ from which conidiophores may arise. 

(4) The shorter and blunter sterigmata. 

Isolated from the A and B horizons of the Frankston sandy podsol and from 
the rhizosphere of Epacris impressa growing in that habitat. 

Penicillium albidum Sopp. Monogr., 1912. 

Malt. In 14 days colony diameter is 2 cm. The surface is almost velvety, at 
first in green tints, but becoming castor grey (LII) or deeper at the centre, fading 
outwards to a lighter grey colour, with a narrow white margin. 

The reverse presents a faint greenish drab appearance. 



Fig. 21. P. albidum Sopp. 1. Details of conidiophore and penicillus, X 600. 

2. Spores, X 600. 


Csapek. The colony diameter is the same as that on malt. The surface is 
slightly floccose and entirely white. 

The reverse is uncoloured. 

Raulin. The growth on this medium is even more restricted and buckled, 
reaching only 1 cm. in 14 days. The sporing surface is slightly floccose and in light 
grey tones. 
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The reverse tends to lift away from the agar and shows slight yellowish-green 
tones. 

Morphology. The smooth-walled conidiophores arise from trailing hyphae or 
from the substratum. They often appear to be truly bi-verticillate and symmetrical, 
but even then the metulae are slightly diverging; at other times the divergence is 
more marked, usually 8-10 or 12 /x; occasionally an odd one may be 20 /x. Each 
bears a whorl of six or eight short and plump sterigmata; 5 /x is the average length. 
The spores readily fall away; they are globose, light brown, 5 /x in diameter, and 
distinctly and rather coarsely echinulate. In old spores the thickenings appear 
blunter at the tips. 

A number of the penicilli conform to the Bi-verticillate symmetrical pattern, 
but it does not agree with any of the known species in that section and as there 
are always some divaricate fruiting structures, it is probably best considered in 
the Asymmetrica-divaricata. 

The identification of this form is provisional. It remains white and floccose 
on Czapek and forms echinulate globose spores comparable to those of P. nigricans. 

The reverse does not show reddish yellow shades as recorded by Sopp for P. 
albidum and the spores are larger than 4 /x, the size quoted by Raper and Thom 
for a strain received from the Centraalbureau under this name. 

The distinctive features are: 

(1) The restricted growth on all the media used. 

(2) The penicilli which approach the symmetrical pattern. 

(3) The large globose echinulate spores. 

Isolated from the Mallee soil (Mildura) at 12 in. level. 

Penicillium Kapuscinskii Zaleski. Bui. Acad. Polonaise Sci.: Math, et Nat., Ser. 

B, 1927. 

Malt. The colony diameter at 14 days is 2 5 cm. The surface is floccose, with 
a sporing colour from storm grey to hathi grey (LII) with a very narrow white 
margin. 

The reverse is close to antimony yellow (XV). Malt slopes are closer to olive 
grey (LI), with pale yellow mycelial overgrowths; the reverse similar to the 
plates. 

Csapck. The rate of growth is the same as on malt; the surface very pale, 
mostly white, with yellow exudate drops; hathi grey colour develops towards the 
margin. 

The reverse is slightly buckled, cream with reddish colours developing beyond 
the centre. 

Raulin. The rate of growth as above; the surface mostly white with numerous 
deep yellow exudate drops, pale tints of hathi grey here and there over the surface. 

The reverse is slightly buckled; buckthorn brown to yellow ochre (XV), paler 
towards the margin. 

Morphology. The conidiophores are similar to those of Penicillium nigricans. 
The microscopic feature that characterizes this species is found in the spores, which 
resemble those of nigricans in size, but which have a finely roughened epispore. 

The distinctive features of this species are: 

(1) The close resemblance to P. nigricans. 

(2) It differs from that species in the generally paler colours, of both the 
sporing surface and reverse, produced on agar media, 
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(3) And in the finely roughened to almost smooth spore surface. 
Isolated from Mallee soils (Mildura) 8 in. from surface. 


Penicillium melinii Thom. The Penicillia, 1930. 

Malt. In 14 days colony diameter is approximately 3 cm. The colony is 
orbicular, floccose; at first mineral grey, but later becomes deep to dark olive grey 
(LI) with a narrow white margin. Numerous colourless exudate droplets are 

formed over the surface. . , , _ . 

The reverse is somewhat zoned and shows shades of greenish buff, becoming 

putty coloured. 

Czapek. The growth on this medium is at the same rate as on malt. The surface 
is floccose, at first white then deep to dark olive grey with numerous yellow exudate 
droplets and a narrow white margin. 

The reverse is at first greenish buff, but later pink colours appear which in age 
may deepen to vinaceous tints; puckered. 

Raulin. The rate of growth is as on the other media. The surface is floccose 
and at first mineral grey with yellow droplets, becoming greyish olive to deep 
greyish olive (XLVI), the centre appearing almost an orange colour from the 
large and brightly coloured drops; smaller coloured droplets form almost to the 

colony edge. 

The reverse is greenish buff in youth but becomes dark vinaceous brown to seal 
brown (XXXIX) and puckered. 

Morphology. The rough-walled conidiophores are borne on trailing hyphae. 
They are variable in length. They may be monoverticillate in type or each towards 
the apex may bear one or more diverging branches (metulae) which arc swollen 
at their tips and bear a varying number of stergimata, 5-7 n- The spore chains are 
short and form diverging tangled masses. The spores are globose, 2 5 ^ in diameter, 
distinctly echinulate and pale tinted. 

Distinctive features of this species of the nigricans series are: 

(1) Grey sporing shades on all media. 

(2) Pale-coloured reverse on malt and Czapek agar. 

(3) The rough-walled divaricate conidiophores which bear echinulate globose 
^Isolated from the A and C horizons of the Frankston sandy podsol. 


Penicillium nigricans (Bainier) Thom. The Penicillia, 1930. 

Malt. The colony diameter at 14 days is from 3 5 to 5 cm.; floccose; the 
sporing surface storm to castor grey (LII), margin white; in some strains white 
mycelial overgrowths appear at centre and spread irregularly across the colony 
surface. On malt slopes pale (pink) exudate droplets may occur. 

In reverse shades of sayal brown to sepia (XXIX) extend practically to the 
margin. Sometimes the brown colour diffuses into the medium. 

Czapek. Growth is more restricted on this medium. At 14 days the diameter 
is from 3 to 4 cm. The surface is floccose and puckered. Some isolations only 
tardily develop sporing colours which vary from glaucous grey (XLVIII) to storm 
orev (LII), with numerous pale yellow exudate droplets. 

& The reverse is at first pale and puckered radially, sometimes buckling upwards; 
buffy patches appear and in some isolations the colour deepens as on malt. 
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Rmlin. The rate of growth is comparable to that on Czapek agar. The surface 
is floccose and puckered; at first storm grey but deepening to castor grey; pale 
yellow exudate droplets present. 

The reverse is in deep brown shades at the centre (benzo brown to fuscous 
(XLVI)) with vinaceous buff tints beyond. The puckering is in a radial and a 
concentric pattern. 


Penicillium Raciborskii Zaleski. Bill. Acad. Polonaise Sci.: Math, et Nat., Ser. 
B, 1927. 

Malt. In 14 days the colony diameter is 4-4 5 cm. The sporing surface is at 
first velvety, but becoming floccose; slate olive (XLVII) at centre, paler at margin. 



Morphology. The smooth conidiophores arise from trailing hyphae or from the 
substratum. They are very variable in length. Many of them are very short, 10-15 /x 

before branching; the longer 
ones are variously branched. 
Sometimes a branch arises some 
distance from the apex but 
ultimately the branches and the 
axis itself give rise to three or 
more diverging metulae approxi¬ 
mately 10 fx long. These are 
swollen at their tips and bear 
rather short (5-7 /a) and stout 
sterigmata. The spore chains 
form short twisted masses. The 
spores are globose, averaging 3 
brown and spiny. 

The features of diagnostic value 
for this species are: 

(1) The grey sporing shades 
on all media. 


(2) The dark brown colours 
formed in reverse on malt and 
Raulin; sometimes also on 
Czapek. 

(3) The smooth divaricate coni¬ 
diophores bearing brown-coloured 
and spiny spores. 

Isolated from the A, B and C 
horizons of the Frankston sandy 
podsol and from the litter under 
Epacris imprcssa, as well as from 
the Mallee soils (Mildura) at 5 
in., 6 in. and 8 in. levels; also 
from a mountain loam at Bogong 
High Plains, Victoria, at 5-13 in. 
depth. 




.-<x 


Fig. 22. — P. nigricans (Bainier) Thom. 1. Habit 
sketch. 2. Details of conidiophore and pcnicillus, 
X 600. 3. Spores, X 600. 
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The reverse develops ochraceous orange shades (XV) and the colour may 
diffuse out into the surrounding medium. 

Csapek. Growth on this medium is slower than on malt agar; 3*5 cm. in 14 
days. The sporing surface at first is mineral grey to gnaphalium green (XLVII). 
It later becomes shades of neutral grey (LIII), with the edge almost sky-blue; 
abundant yellow droplets may or may not form over the folded surface. 

The reverse varies with the isolation; sometimes ochraceous orange in centre, 
fading conspicuously towards the margin, sometimes paler in peach shades, develop¬ 
ing in age to vinaceous tints. 

Raulin. Rate of growth comparable to that on malt agar (4 cm.). In youth the 
upper surface is white with yellow droplets present. Later it becomes court grey 
or deeper (XLVII), dark yellow droplets mostly present, and the surface is 
puckered. 

The reverse becomes ochraceous orange (XV) or deeper and is puckered, often 
in a circular pattern. 

Morphology. The microscopic characters agree closely with those described for 
P. mclinii. The conidiophores are coarsely roughened and the spores are globose, 
2 fi, with a finely roughened wall. 

This species is closely allied with P. melinii, from which it differs in spore 
characters. They are smaller on the average and not echinulate, although our 
isolations show the wall to be finely roughened. 

Isolated from the B horizon /Toffee-rock’) of the Frankston sandy podsol. 

THE ASYMMETRICA-VELUTINA 

Key to the Asymmetrica-velutina 

1. Normal type of growth occurring on Czapek agar .2. 

1. Very poor thin growth on Czapek agar and no sporing colours 

developed. P- digitatuin 

2. Reverse of colonies developing yellow pigments on the three media .. P. chrysogcnum 

2. No yellow pigments formed; the reverse in vinaceous to purplish 

shades .. .. .. .. .. .. .. .. .. .. P. melcagrinwn 

Penicillium digitatum Sacc. Mycotheca italica Padua, 1898-1913. 

Malt. The colony diameter measures 7-7 5 cm. at 14 days; although spreading, 
the growth is thin and velvety. The sporing colour is in yellow-green shades, best 
matched as mignonette (XXXI) to vetiver green (XLVII) ; there is an irregular 
white margin. 

The reverse shows the green shades through the thin mycelial mat. 

Czapek. The growth is exceedingly thin, but stretches across 3 cm. in 14 days. 
No sporing colours develop. 

Raulin. The growth is also very thin, but measures 4-6 cm. at 14 days. 
Mignonette shades develop late (12 days). 

The reverse is pale; the sporing colour shows through and in age pale vinaceous 
fawn shades develop. 

Morphology. On malt agar the conidiophores vary in length. They bear sporing 
heads that are difficult to observe in microscope mounts. Towards the apex the 
branches arise irregularly, but the pattern of the penicilli is of the-asymmetric type. 
Each branch may bear either metulae or sterigmata or both. The sterigmata are 
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of variable length; in our isolations they were approximately 20 /x long, and they 
support long and lax spore chains. The spores vary in shape and size, even in the 

same spore chain. They are usually 
elliptic to long cylindrical, 7 X 4 /a 
to 10 X 4 /x, smooth and dark green 
in mass. 

This species is characterized in the 
velvety series of the Asymnwtrica 
by: 

(1) The poor growth on Czapek 
agar. 

(2) The colour of the sporing 
surface on malt. 

(3) The strong odour developed 
in culture. 

(4) The morphology of the peni- 
cilli and spores. 

Isolated from the A horizon of 
the Frankston sandy pod sol, and 
from Mallee sand (Mildura) at a 
depth of 8 in. 

• 

Penicillium chrysogenum Thom. U.S. Dept. Agr. Bur. Anim. Ind. Bui., 118, 
1910. 



Malt. The colony diameter measures 6 cm. at 14 days. The upper surface is 
velvety; at first artemisia to lily green, in age it becomes deep slate green (XLVII), 
passing outwards to lily green with a white margin. Pale to deep yellow droplets 
form over the area. In some strains isolated from soil the droplets are colourless. 

The reverse is typically strontian yellow to yellowish citrine (XVI). The 
yellow pigment diffuses out into the medium. Occasionally strains are isolated that 
show a pale reverse and no colouration of the medium occurs. 

Czapek. The colony diameter at 14 days measures 3-4 cm. The upper surface 
is velvety ; at first gnaphalium green, later deep bluish grey-green (XLII) to lily 
green; and densely covered with yellow droplets; with a white margin. In age the 
surface may be floccose and faint shades of pink may develop in the hyphae. 

The reverse is buckled radially. Early it is an intense light greenish yellow, 
becoming chalcedony yellow (XVII). Some strains develop a vinaceous tint at 
first, but later yellow colours appear (more quickly at warmer temperatures), and 
the yellow pigment diffuses into the medium. 

V 

Raulin. The diameter of the colony at 14 days is 3-5-4-5 cm. The sporing 
surface, which is velvety to slightly floccose, passes from artemisia green through 
lily green to deep bluish grey-green with numerous yellow to pale droplets and a 
narrow white margin. 

The reverse is circularly buckled; at first chamois (XXX), in some strains the 
colour quickly changes to empire or apricot yellow (IV) with yellow pigment in 
the medium. In others the reverse remains in pale shades. 

Morphology. The conidiophores arise from the substratum or from trailing 
hyphae. They are long, smooth-walled, and bear one or more branches near their 
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tips. Each branch, as well as the main axis, supports a verticil of metulae; each 
metula is 10-12 jx long. The sterigmata (10 fx) stand close together, so that the 
whole head is of a typical bi-verticillate asymmetric type. The spore chains are 
columnar. The spores are elliptical, 3-4 fx X 2*5-3*5 /x, and smooth. 



Fig. 24.— P. chrysogenum Thom. 1. Habit sketch. 
2. Details of penicillus, X 600. 3. Spores, X 600. 


The features characteristic of this species: 

(1) The production of the yellow pigment in reverse and its appearance in the 
medium when the fungus is grown on Czapek agar. In some strains it is late in 
appearing and much reduced in intensity. 

(2) The smooth-walled conidiophores and smooth elliptic rather large spores. 
Isolated from the B and C horizons of a sandy podsol at Frankston, Victoria. 
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Penicillium meleagrinum Biourge. La Cellule, 33, 1923. 

Malt . The colony diameter in 14 days was 6-7 cm. The upper surface is velvety 
and becomes dark american green (XLI) to lily green (XLVII) and zoned. The 
degree of zonation varies with the strain. There is a white margin. Colourless or 
pale yellow exudate droplets occur. 

The reverse shows the green sporing shades through the otherwise uncoloured 
background. In age, a pink to vinaceous colour develops towards the centre. 

Czapek. The colony measures 4-4*5 cm. in 14 days. The upper surface is 
velvety and develops colours similar to those on malt and numerous colourless 
droplets form. There is a narrow white margin. 

The reverse is slightly buckled. At first it is avellaneous (XL) and later it 
shows dull purplish tones. 

Raulin . The diameter at 14 days is 4 cm. The velvety upper surface is artemisia 
to celandine green (XLVII) when young, but darkens to lily green in age. Colour¬ 
less or pale yellow droplets may occur. 

The reverse is very buckled and develops drabish brown tints. 

Morphology. The smooth-walled conidiophores are long and arise close to the 
substratum. One or more branches may arise close to the apex; each bears three 
or more metulae. They in turn bear groups of sterigmata about 7-8 ft long. These 
bear long conidial chains, adhering in column-like masses. The spores arc elliptical 
smooth-walled, 3-3*5 ft X 2-2*5 ft in size. 

This species is close to P. chrysogenum, from which it may be distinguished in 
culture by: 

(1) The vinaceous to purplish colours developed in reverse on Czapek agar 

(2) The lack of any pronounced yellow pigment, the production of which 
characterizes most strains of P. chrysogenum. 

Isolated from the B horizon ‘coffee rock’ of a sandy podsol at Frankston 
Victoria, and from the rhizosphere of Epacris impressa growing in that habitat. 

THE BREVI-COMPACTUM 

Penicillium brevi-compactum Dierckx. Soc. Scien. Brux., 25, 1901. 

Malt. The colony diameter measures 13 cm. in 14 days. The surface is radially 
furrowed and velvety, in youth tea to vetiver green (XLVII), passing to andover 
green with a narrow cream abrupt margin. 

The reverse is buckled, cream-buff to chamois (XXX). 

Czapek. The growth is very restricted. The diameter measures 1 cm. or less 
at 14 days. In some strains of MIA 8 the colonies remain very thin and produce 
few sporing heads; in others the surface is velvety, in some strains remaining pale 
close to vetiver green, in others darkening slate-olive to deep slate-olive (XLVII) ’ 
Numerous pale exudate drops may be present. 

The reverse arches away from the medium; in the pale strains it is cream-buff 
in the darker strains it is deep to dark olive-grey (LI). 

Raulin. At 14 days the colony diameter is 1*2 cm. The surface is elevated and 
velvety with similar colours to those developed on Czapek agar. The colour extends 
to the margin, which is abrupt. 

The reverse is arched away from the medium and buckled with colours similar 
to those on Czapek agar. 
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Morphology . The comdiophores arise from the basal felt. They are smooth- 
walled and septated, with a tendency for the ramuli and metulae to be somewhat 
swollen. The whole structure forms a compacted head, typical of the section. There 



Fig. 25.— P. brevi-compactum Dierckx. 1. 
Habit sketch. 2. Details of penicillus, 
X 600. 3. Spores, X 600. 


Isolated from B horizon of the sandy 
the Mallee soils, Mildura, at 6 in. level. 


is usually a short (15 /x) appressed branch 
bearing metulae at the same level as those 
of the main axis. The metulae tend to 
widen upwards; they are approximately 
10 /x long and bear numerous rather wide 
sterigmata (8 X 3 5 /x). The spores 
are borne in short tangled chains. The 
spores appear elliptic when young and 
still attached to the sterigmata, but as 
they mature they become sub-globose, or 
even globose, somewhat uneven in size, 
averaging 2 5-3 /x, with smooth walls. 

These isolations when grown on 
Raulin-Thom solution produce phenolic 
substances which on addition of ferric 
chloride give the typical bluish crimson 
colour test (Clutterbuck et al, 1932). 
According to Smith (1946) all freshly 
isolated strains of this series give this 
characteristic reaction. 

The features of diagnostic significance 
are: 

(1) The compact character of the 
penicillus. 

(2) The restricted growth on all three 
media. 

(3) The buff to olive - grey buckled 
reverse. 

podsol at Frankston, Victoria, and from 


THE ASYMMETRICA-LANATA 

Penicillium lanosum Westling. Archiv. fur Botanik, 11, 1911. 

Malt. In 14 days the colony diameter is 6 cm. The mealy to floccose upper 
surface is at first pale shades of green, and later it deepens to lily green (XLVII), 
then towards deep olive-grey, with a faint zonation. There is a conspicuous white 
margin. 

The reverse is cream to clay colour at the centre, with the green sporing shades 
showing through. 

Czapek. The colony diameter is 3*5-4 cm. in 14 days. The upper surface is 
floccose, lily green at the centre, with bluish grey-green shades towards the edge; 
later it shows slate-olive tones and in age pink colours appear in the mycelium. 
There is a narrow white margin. 
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The reverse is only very slightly buckled; peach shades to buff pink (XXVIII) 
develop at the centre; in some strains, yellowish olive (XXX) tones develop. 

Raulin . In 14 days the diameter is 4*5-5 cm. The upper floccose surface is 
pale grey-green, and passes outwards to paler colours (puritan grey, XLVII). 
Small colourless or pale pink exudate droplets occur. 

The reverse is only slightly buckled. At first it is cream, with later pale pinkish 
buff to vinaceous buff (XL) colours; in age, greenish yellow to brown shades may 
appear. 



Morphology . The conidiophores vary greatly in length; the shorter arise from 
trailing hyphae, the longer from hyphae close to the substratum. Their walls are 

usually roughened, and they bear 


Fig. 26.— P. lanosum Westling. 1. Habit sketch. 
2. Details of conidiophore and penicillus, X 
600. 3. Spores, X 600. 


supporting a dense sward of Poa caespitosa, 
B horizon, between 9-14 in. 


rather irregular penicilli. The 
branches occur at various levels. 
Sometimes a branch arises rather 
low on the conidiophore, or the 
axis may fork or remain un¬ 
branched. The branches usually 
bear a few metulae, occasionally 
six to eight may form the whorl; 
they are 10-12 /x long, and on 
their slightly inflated tips the 
sterigmata arise. They measure 
5-8 /x long, and they narrow 
somewhat abruptly at the spore 
origin. The spore chains are i 
short and rather tangled. The 
spores are globose or sub-globose, i 
2 5 /x, and the wall is finely punc¬ 
tate and lightly tinted. 

The features characteristic of 
this species are: 

(1) The lack of any pro- I 
nounced pigment development on s 
the three media used. 

(2) The irregularly branched, j 
asymmetric penicilli with bran¬ 
ches arising at any level of the * 
conidiophore. 

(3) The comparatively small j 
spore. 

Isolated from a mountain loam } 
(Bogong High Plains, Victoria) 
The fungus was recovered from the 









PEN1CILLIUM LINK IN VICTORIAN SOILS 
THE FASCICULATA 
Key to the Fasciculata 


1. Sclerotes present ■. 

1. No sclerotes formed . 

2. Complex coremia formed .. . . . 

2. Coremia absent, fascicles of conidiophores usually present .. 

3. Coremia bearing individual penicilli in both lateral and apical 

positions . • • ♦ •• •• •••/ •• . • • 

3. Coremia with clavate heads on which the individual penicilli are 

not readily discernible . 

4. Fascicles of conidiophores reduced or absent on agar media 

A. Fescicles typically present on agar media. 

5 Cultures with a pronounced ‘musty* odour. 

5. ’ Odour not pronounced . .. .. 

6. On all media, the colour of the sponng surface in age dark ohve- 

grcy •• • • • • • • •• •• *• * • •' •• 

6 On all media, the colour of the sporing surface not so dark—close to 

lily green 

7 Sporing surface on all media bluish grey-green . 

7 Sporing surface on all media green; conidiophores rough-walled 
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P. Gladioli 
2 . 

3 . 

4. 

P. granulatum 

P. c lain for me 

5. 

7. 

P. cxpansum 

6 . 

P . puberulum 

P. Urticae 
P. Martensii 
P. vindication 


Penicillium Gladioli Machacek. Quebec Soc. for Prot. of Plants, Ann. Rept., 19, 
1928. 

Malt. The colony diameter at 14 days measures 4 cm. The surface is floccose, 
and is essentially white until the sclerotes form. It then becomes pale to light 
pinkish cinnamon (XXIX) in the central regions; the colour finally spreads across 
the colony surface; pale or colourless exudate droplets may form. 

The reverse is cream to white, and in age may become pinkish cinnamon 

(XXIX). 

Csapek. The colony diameter measures 2 5-3 cm. at 14 days. The surface is 
markedly floccose and white; it later becomes pale to light pinkish cinnamon 
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(XXIX) in the central regions; colourless or pale cinnamon exudate drops usually 
present. The margin is uneven, more or less fan-like in development. 

The reverse is buckled and the colour is much as on malt. 

Raulin. The rate of growth and characters of the colony are as for Czapek. 

Morphology. The conidiophores form very sparsely on all of the three media, 
and our cultures never show any green shades after incubation at 16° C. or at 
25° C. They vary in length, sometimes being very short (20 jx), but are usually 
longer. They arise mostly from mycelial ropes, and occasionally from individual 
hyphae; we have never observed true fascicles or coremia. The axis of the 
conidiophore may bear one or two branches subtending metulae 10-12 /x long. The 
sterigmata are mainly 10 n long, occasionally longer, and taper towards the sporing 
tip. The spores form tangled chains; each is elliptic to sub-globose, smooth-walled, 
2*5-3 /x X 2 5 /x. The sclerotes are found in great numbers, and vary both in size 
and shape, averaging in our cultures approximately 250 /x. They are pale pinkish 
cinnamon (XXIX) in colour and hard in texture. The walls are composed of 
rather unevenly thickened cells approximately 10-15 fx in diameter. 

The features of diagnostic significance are: 

(1) The abundant formation of sclerotes over a floccose white mycelial mat. 

(2) The pale colours of the colony on all three media, even in age. 

(3) The formation of ropes from which the conidiophores arise. 

(4) The smooth-walled, elliptic to sub-globose spores. 

Isolated from Mallee soils at a depth of 8-18 in. 

Penicillium granulatum Bainier. Bui. Soc. Mycol. France, 21, 1905. 

Malt. The colony diameter is 3 cm. in 14 days. The surface is tufted and 
floccose, andover to slate green (XLVII), with a narrow white margin. Pale 
exudate drops form all over the surface. The colony is characterized by the very 
conspicuous coremia which are often formed in zones. 

The reverse is coloured ochraceous orange to ochraceous buff (XV). The 
outline of the colony is irregular, due to the development of fan-like extensions 
beyond the general growth. 

Czapek . The colony measures 2 8 cm. in 14 days. The surface is tufted, due 
to the conspicuous coremia, similarly coloured to that on malt agar, with an 
irregular outline as before. 

The reverse is ochraceous orange at the centre, fading outwards to aniline or 
sulphine yellow (IV). 

Raulin. The growth rate is comparable to that on Czapek agar. The surface 
character and colour are also similar; numerous small exudate drops are present 
over the surface. 

The reverse is slightly buckled, tawny to russet or cinnamon brown (XV). 

Morphology. The conidiophores may arise singly from surface hyphae, but the 
colony surface support numerous coremia, formed by fascicles of fruiting hyphae 
grouped together to form the Stysanus -like masses. These are branched structures, 
and the rough- walled conidiophores arise from the upper parts. Each bears one 
or two adpressed branches, from which the roughened metulae arise. They are 
8-12 /x, sometimes longer, with numerous sterigmata in verticils at their ends. The 
sterigmata are rather narrow, about 10 /x long, and from them arise tangled chains 
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of spores. The spores are strongly elliptical when young, and tend to retain this 
shape when mature, or they may become sub-globose; they measure 2 5-3 /x in their 
long axis. 



F IG . 28. — P. granulatum Bainier. 1. Sketch of coremiuni. 2. Portion of coretnium, X 65. 
3. Penicillus, X 65. 4. Details of penicillus, X 600. 5. Spores, X 600. 


This isolation has a very strong fragrant odour when grown on agar media, 
variously identified as aniseed- or camphor-like. 

The diagnostic features of significance are: 

(1) The profuse development of complex coremia. 

(2) The roughened conidiophores.. 

(3) The elliptic conidia. 

(4) The fragrant odour. 

Isolated from the A horizon of the sandy podsol at Frankston, Victoria. 

Penicillium claviforme Bainier. Bui. Soc. Mycol. France, 21, 1905. 

Malt. The colony diameter measures 6 cm. at 14 days. The surface is floccose, 
and at first there are no signs of coremial formation. The colour is bluish green 
and approximates artemisia or lily green (XLIII) ; later it darkens towards slate 
olive. At 14 days, coremia are visible, particularly in the younger parts of the 
colony, at a radial distance from the centre of 15 cm. and beyond, and appear as 
erect, whitish, Isaria -like mycelial columns. Under a hand lens, however, smaller 
coremial structures can be discerned closer to the centre, in zones beneath the 
floccose surface. From above, they appear as round green knobs, but when seen 
from the side they show distinct white stalks, terminating in the rounded green 
sporing heads. The margin of the colony is rather thin and white. 
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Fig. 29.— P. clavifonnc Bainier. 1. Habit sketch of young 
growth. 2. Sketch of short-stalked coremia and Isarial- 
type of coremia. 3. Short coremia, X 65. 4. Details of 
conidiophorcs, X 600. 5. Rope and conidiophore, X 290. 
6. Spores, X 600. 


The reverse, in the early 
stages, is a clear red, 
passing to morocco reel 
(I) ; at 14 days it is hes¬ 
sian brown at the centre, 
with lighter shades, such 
as dragon’s blood red 
(XIII), beyond. The 

colour is somewhat zoned, 

the zones corresponding 
•to regions of coremial 
formation. The margin is 
pink, and the pink colour 
diffuses into the medium. 

C zapek. The growth rate 
is restricted, the colony 
diameter at 14 days 

measuring 2 cm. The 

surface appears floccose, 
and at first shows the 
same general bluish green 
shades as on malt agar. 
At 14 days, the surface 
is studded with young, 
erect, Isaria -like coremial 
columns. These are buff 
to cream, except at the 
growing tips, which ap¬ 
pear white. Many of them 
have colourless exudate 
droplets adhering to the 
upper part. With a hand 
lens, smaller coremial 
heads, similar to those 
described on malt, can be 
seen. There is a narrow, 
thin and rather irregular 
white margin. 

The reverse is plane, 
dark olive to deep olive 
(XL), bounded close to 
the margin by a narrow 
ring of old gold. 

Raiilin . Growth is also 
restricted, the colony di¬ 
ameter at 14 days being 
3 cm. The surface in the 
early stages is cottony to 
floccose, and lily green. 
Later, the central region 











































55 


PEN1CILLIUM LINK IN VICTORIAN SOILS 

becomes covered with numerous erect and variously lobed coremial structures, 
with the buff-coloured bases and white tips which characterize similar structures 
on Czapek agar. Beyond this region, there is a dense stand of the short round- 
headed green coremia, giving a deep slate-green colour (XLVII) to the surface 
in this area. The margin is paler, bluish green, with developing Isaria-Yike coremia 
scattered through it. 

The reverse is plane, at first mummy brown to Prout's brown (XV), later 
becoming olivaceous black (XLVII) with an old gold rim and a thin, irregular, 
white margin. 

Morphology. In the early growth on malt agar, many conidiophores arise from 
trailing ropes of hyphae. They are from 50 to 100 /x in length, and support penicilli 
with spore heads in narrow columns 200-250 /x long. Later, coremia form; these 
are not as abundant on malt as on Czapek or Raulin agars. The first formed coremia 
are short, stalked structures, little elevated from the substratum. They are distinctly 
clavate the rounded heads being supported on a short, white stalk. The diameter 
of the head may be 200 /x or more, that of the stalk approximately 100 Later, 
more conspicuous coremia develop, especially on Czapek and Raulin agars. They 
are of the ‘ Isarial ’ type described and figured by Raper for Penicillium cknngerum 
Demel. These are erect, fasciculate structures, 3-4 mm. or more, buff coloured 
except at their tips, which are white. These tips are often pointed, but sometimes 
they become flattened and branched in an irregular way; ultimately sporing heads 
form over their upper surfaces. On old malt slopes, the pattern of the sporing heads 
on these buff-stalked coremia is very characteristic; short quadrangular columns of 
snores radiate out in an umbel-like manner all over their tips. 

The penicilli formed on individual conidiophores are variable in type; many 
of them are asymmetric, with one or more branches arising a short distance behind 
the main axis, and often extending beyond it; other penicilli are quite symmetrical 
in form. The metulae are in groups of two to four or more; they are 8-10 /x long, 
and bear whorls of crowded sterigmata. These resemble those of the Bivertitillate - 
symmetrica ; they are long (10-12 yx) and narrow, and taper to the conidium-bearing 
tips The spores are elliptic, averaging 3 X 2 fi 9 and smooth-walled. It is impossible 
to distinguish the individual penicilli that constitute the fertile surface of the 
clavate coremia. The parts are so crowded together that there appears to be formed 
a continuous surface of sterigmata from which chains of conidia are produced, which 
are at first adherent to one another, but later split into the quadrangular groups 
already described. 

This description has been based on our isolation L31. Some difficulties present 
themselves in assigning it to a particular taxonomic position. The clavate coremia 
and the hymenial-like surface formed by the sterigmata suggests affinities with 
Penicillium clavifori tie Bainier, but the presence of the Isarial -like coremia in the 
same colonies, and the type of growth on malt agar, recall P. clazngerum Demel. 
as understood by Raper. The Isarial -like coremia eventually form one to many 
sporing caps on their extremities, with the typical hymenial surface characteristic 
of P claviforme, and L31 represents a strain of this species. 

The features of diagnostic significance are: 

(1) The fasciculate character of the colony surface. 

(2) The presence of clavate and Isarial -like coremia. 

(3) The occurrence of asymmetrical and symmetrical penicilli in the early stages 
of growth. 
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(4) The interlaced penicilli over the surface of the clavate heads. 

(5) The elliptic, smooth-walled spores. 

Isolated from litter under Banksia marginal a and Leptospermum myrsinoides, 
growing on the sandy podsol at Frankston, Victoria. 

Penicillium expansum Link. Observations, 1809. 

Malt. The colony diameter measures 5 5 cm. in 14 days. The surface is velvety 
at first, then becomes mealy or powdery, artemisia to lily green, zoned (XLVII), 
with a narrow white margin. 

The reverse at the centre shows ochraceous buff tints, greenish outwards due 
to spore colour showing through, close to citrine (IV), sometimes forming a zoned 
pattern. 



Fig. 30. — P. ex pansum Link. 1. Habit sketch. 2. Details of 
penicillus, X 600. 3. Sterigmata, X 600. 4. Spores, X 
600. 


Czapek. The colony diameter at 14 days is 3-3 5 cm. The surface is mealy, 
lily green, becoming slate olive (XLVII), zoned, with distinct bluish glaucous 
tints (XLII) near the narrow white margin. 

The reverse is not, or only slightly, buckled, drab, with buff tints at the centre; 
later, in some isolations, vinaceous tints develop. 

Raulin. The rate of growth is similar to that on Czapek agar. The surface is 
very mealy to floccose, with the sporing colour much as for Czapek, with marked 
zonation, and a narrow white margin. Small colourless exudate drops are present. 
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The reverse is slightly buckled. Some isolations develop an olive lake colour 
(XVI), others show a much deeper colour, yellow ochre to ochraceous orange 
(XV) ; some also develop vinaceous shades among the ochraceous orange. 

Morphology. At the edge of the colony in some isolations slight fasciculation 
is evident; two or three condiophores arising close together twist among themselves 
to form small fascicles, but the great majority, and in some strains all, the 
conidiophores arise independently close to the substratum. All isolations, however, 
when inoculated into apples, produced the typical ‘expansum’ rot, together with 
characteristic coremia. The conidiophores are long, typically rough-walled, with 
one or two adpressed branches close to the apex; these bear two to five metulae 
10-12 fA long and bearing long twisted columns of spores. The spores are elliptic 
in vouth, tending to become sub-globose when mature, mostly 3-3*5 n in diameter, 
sometimes larger, smooth or finely punctate, tinted in mass. 

The features of diagnostic significance are: 

(1) The strong and characteristic 'mouldy 5 smell of the cultures. 

(2 ) The reduction of fasciculation when grown on agar media, but the formation 
of coremia when inoculated into the apple. 

(3) The dtrll green shades of the sporing surface, and the ochraceous orange 
reverse on Raulin s agar. 

Isolations have been obtained from the B (‘coffee rock 5 ) and C horizons of the 
sandy podsol at Frankston, Victoria, and from the Mallee soil (Mildura) at 6 in. 
and 12 in. levels. 


Penicillium puberulum Bainier. Bui. Soc. Mycol. France, 23, 1907. 

Malt. The colony diameter in 14 days is 4 cm. The surface is at first velvety, 
but later tends to become mealy, slate olive (XLVII), zoning outwards, narrow 
white margin. 

The reverse is buff coloured right at the centre, with the green sporing shades 
showing through on an uncoloured background in a zoned pattern; white at the 
margin. 

Czapck. The colony diameter measures 5 cm. at 14 days. The surface is mealy, 
slate olive at the centre, passing into lily green and thence to a ring of light 
celandine green (XLVII), with pale exudate drops, and sometimes becoming zoned 
in heavy ridges. There is a broad white margin. 

The reverse is not buckled, and is pale with buff tints. 

Raulin. The colony diameter in 14 days is 4-5 cm. The surface is felty, and 
shows the same range of colours as on Czapek agar; small pale exudate drops are 
present, and there is a narrow white margin. 

The reverse is only slightly buckled at the centre; the colour is Saccardo’s umber 
to tawny olive (XXIX) ; cream beyond. 

Morphology. The conidiophores arise mostly from creeping hyphae; at the edge 
of the colony a small amount of fasciculation is present. The conidiophores are long 
and slightly roughened, with one or two branches arising close to the apex. These 
bear whorls of two to five metulae, 10-15 /x long, and with rather swollen ends. The 
sterigmata, 10-12 /x long, bear the spores in long tangled chains. The spores are 
sub-globose, smooth-walled, 3-3 5 or even 4 /x in diameter. 
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The features of diagnostic significance are: 

(1) The reduced amount of fasciculation present; otherwise this form is close 
to P. cyclopium, but 

(2) The colour of the sporing surface in age is darker, becoming almost dark 
olive-grey (LII). 

Isolated from the C horizon of the sandy podsol at Frankston, Victoria. 

Penicillium Martensii Biourge. La Cellule, 33, 1923. 

Malt. The colony diameter in 14 days is 5-6 cm. The surface is velvety at the 
centre, powdery or mealy nearer the margin, deep bluish grey-green (XLII), with 
a white margin. Numerous colourless exudate droplets may be present. The surface 
becomes darker and zonate in age. 

The reverse is yellowish citrine (XVI) to chalcedony yellow (XVII). 

On malt slopes the reverse develops a pinkish colour in age. 



Fig. 31. — P. Martensii Biourge. 1. and 2. Habit, X 55. 3. Details of penicillus, X 500. 

4. Spores, X 500. 

Csapek. The colony diameter in 14 days is 4-5 cm. The surface is very floccose 
at the centre, deep dark bluish grey-green (XLII), exudate droplets pushing 
through the felt form round pimple-like areas. There is a broad white margin. 

The reverse is slightly buckled, the central region is light ochraceous salmon, 
passing into light ochraceous buff (XV) ; margin white. 
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Raiilin. The rate of growth is similar to that on Czapek. The surface is floccose, 
deep bluish grey-green at the centre, beyond pale glaucous blue (XLII), with a 
narrow white margin. Many pale yellow droplets push through the felt. 

The reverse is scarcely buckled, at first apricot buff (XIV), later deepening to 
etruscan or ochre red (XXVII), with some zoning of the colour. 

Morphology . The smooth-walled conidiophores arise singly from trailing 
hyphae, or grouped together into fascicles. Sometimes the amount of fasciculation 
is reduced, and the single conidiophores predominate. The penicilli form complex 
heads; they show one or more branches in addition to the main axis (approx. 15 /x 
long). The metulae, three to four in the whorl and about 10 /x long, bear the 
sterigmata, which narrow at their ends and bear long massive tangled chains of 
spores. The spores are smooth-walled, elliptic to sub-globose, approximately 3 X 
2 5 /x. 

The features of diagnostic significance are: 

(1) The fasciculate sporing surface. 

(2) The bluish grey-green colour of the sporing surface. 

Isolated from the C horizon of the sandy podsol at Frankston, Victoria, and 
from the Mallee soil at a depth of 12 in. 

Penicillium Urticae Bainier. Bui. Soc. Mycol., France, 23, 1907. 

Malt. The colony diameter is 4 5-5 cm. at 14 days. The surface is floccose to 
granular, shading from lily green or deeper (XLVII), with a narrow white margin. 

The reverse shows a drab greenish background in which orange vinaceous 
(XXVII) to orange cinnamon (XXIX) shades appear, sometimes darkening to 
mikado brown (XXIX). These colours are shot through the reverse, and may 
form a ring towards the edge of the colony. 

Czapek. The growth is somewhat retarded and measures 3 5-4 cm. at 14 days. 
The surface is granular, artemisia to lily green (XLVII), with a very broad white 
margin. A vinaceous to brown colour diffuses into the medium. 

The reverse is slightly buckled, and is vinaceous pink to vinaceous russet 
(XXVIII). 

Ranlin. The colony grows at the same rate as on malt. The surface is floccose 
to granular, artemisia to lily green (XLVII), with a narrow margin. 

The reverse is radially buckled, and is in the same colours as on Czapek agar, 
but deepening further to burnt umber or, in patches, even darker (XXVIII). 

Morphology. The smooth-walled conidiophores are either grouped into fascicles 
or arise singly and bear complex penicilli. The branching of the heads may 
be irregular, so that the sterigmata arise at different levels. The secondary 
branches are 10-15 /x long, and bear two to four short metulae, 5-7 /x long. The 
sterigmata are also short, approximately 5 /x, and bear rather tangled columns 
of spores. The spores are elliptical, 2 5-3 /x in their long axis, smooth-walled. 

The features of diagnostic significance in the series are: 

(1) The lighter sporing colour. 

(2) The unequal branching in the penicillus. 

(3) The short metulae and sterigmata. 
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Isolated from litter under Leptospermum myrsinoides when the sample was 
poured with malt agar at 40° C., 60° C. and 80° C. 



Fig. 32.— P. Urticae Bainier. 1. Details of conidiophore 
and penicillus, X 600. 2. Spores, X 600. 


Penicillium viridicatum Westling. Archiv fur Botanik, 11, 1911. 

Malt. The colony diameter in 14 days is 4 5 cm. The surface appears powdery 
and zoned, lily green (XLVII), with a narrow white margin; sometimes the centre 
becomes overgrown with yellow and white cottony hyphae. 

The reverse develops dark olive buff shades (XL) with a paler centre. A 
coloured area develops in the surrounding medium, forming a ring from 0 5 to 
1 cm. wide around the colony; it is pale vinaceous brown (XXXIX). 

Czapek. The colony diameter measures 4 cm. in 14 days. The surface appears 
floccose and somewhat tufted, the tufts tending to occur in zones; lily green 
(XLVII), with numerous colourless exudate droplets and a broad white margin. 

The reverse is only slightly buckled, brownish vinaceous (XXXIX) to fawn 
colour (XL), zoned with a lighter colour. 

Raulin. The rate of growth is similar to that on Czapek. The surface is lily 
o-reen to slate olive (XLVII), with pale yellow or clear exudate drops. Sometimes 
the centre shows a white mycelial overgrowth, and there is a broad white margin. 

The reverse is slightly buckled, rather variable in colour, towards kaiser brown 
(XIV) or paler, but deeper tones close to haematite red (XXVII) develop later 
in irregular zoned areas. 
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p IG 33 . — p t viridicatum Westling. 1. Young fascicle, X 600. 
2. Details of penicillus, X 600. 3. Spores, X 600. 


Morphology. The sur¬ 
face of the colonies in age 
becomes tufted, due to the 
grouping of the fruiting 
hyphae into fascicles; the 
conidiophores separate at 
the ends of these fascicles, 
others arise directly from 
aerial hyphae. Each coni- 
diophore is long, with 
rough walls, usually once 
branched close to the 
apex. The metulae are 
rough (8-10 fx ), and bear 
several fairly long sterig- 
mata (8-10-12 /a). The 
spore chains form large 
sporing heads of tangled, 
irregular columns. The 
spores are elliptical when 
first formed, and in chains, 
but become sub - globose 
when mature, 3-3 5 p X 
2 5-3 /a. The walls are 
delicately roughened and 
lightly tinted. 

The features of diagnos¬ 
tic significance are: 

(1) The occurrence of 
fascicled conidiophores, to¬ 
gether with many simple 
ones in the sporing sur¬ 
face. 

(2) The rough - walled 
conidiophores and metulae. 

Isolated from the B 
horizon ('coffee rock') of 
the sandy podsol at Frank- 
ston, Victoria. 


THE BI-VERTICILLATA-SYMMETRICA 


Key to the Bi-verticillata-symmetrica 

1. Ropes of hyphae absent . 

1. Ropes of hyphae present . 

2. Spores elliptic and roughened . 

2. Spores globose or sub-globose . 

3 . Spores elliptic and rough, reverse on malt and Czapek agars, pale 
coloured 

E 


2 . 

7. 

3. 

4. 

P. rugulosum 
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3. Spores elliptic to sub-globose, rough to almost smooth, reverse on 
malt and Czapek agars in typical isolations; red in youth, deepening 

to red-brown shades .. .. .. .. .. .. .. .. P. purpurogeneum 

4. Growth markedly restricted on Czapek agar .. .. .. 5. 

4. Growth not so restricted .6. 

5. Reverse on malt and Czapek in reddish shades. P. purpurogeneum 

(some isolations) 

5. Reverse pale on all three media .. .. .. -. .. • • P* diversum 

6. Growth not restricted at least on malt or Raulin agars. Spores P. rubrum 
globose, small, 2-2-5 

7. Growth restricted on all three media, spores elliptic and smooth .. P. islandicum 

7. Growth not so restricted .8. 

8. Spores globose and echinulate . P* verruculosum 

8. Spores elliptic to sub-globose and smooth. P* funiculosum 


Penicillium rugulosum Thom. U.S. Dept. Agr. Bur. Anim. Ind. Bui., 118, 1910. 

Malt. The colony diameter at 14 days is 3 cm. The surface is velvety, deep 
greyish blue-green (XLVIII) with the sporing surface spread uniformly over the 
colony, covered with a thin but close overgrowth of white hyphae, practically to the 
abrupt margin. Small colourless exudate drops may be present. 


The reverse is slightly buckled and close to warm buff in colour (XV). 

Czapek. The colony diameter at 14 days is 3 5-4 cm. The surface is mainly 
velvety with the conidial structures rather irregularly developed, more abundant 
outwards, light celandine green to deep glaucous grey (XLVIII) with a narrow 
white margin, colourless exudate drops usually present. 

The reverse is slightly buckled, at least at the centre; at first pale, then generally 
cream with ochraceous-salmon localized areas radiating through it. 

Raulin. The colony diameter at 14 days is 3 cm. The type of surface is similar 
to that formed on Czapek, with conidial structures much reduced, the colony 

remaining generally white with pale greenish 
blue tints towards the margin; the margin is 
abrupt. 

The reverse is much buckled in shades of 
buff to definite yellow shades close to antimony 
yellow or yellow ochre (XV). 

Morphology. The smooth-walled conidio- 
phores arise from the basal felt. They bear a 
whorl of metulae (12 g) which are sometimes 
spreading and these support the rather short 
sterigmata (7-9 g), which are tapered at the 
conidial bearing ends. The conidia are borne 
in short tangled heads; each conidium is elliptic, 
about 2*5 X 3 g, with a roughened wall. 

The features of diagnostic significance are: 

(1) The restricted growth on all three media. 

(2) The velvety type of surface. 

(3) The elliptic roughened spores. 

FiG w 3 k nf Isolated from a mountain loam of the Bogong 
penkilluV X' 600. 3. Spores, High Plains, Victoria, at the B s level (18-32 
X 600. ’ in.). 
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Penicillium diversum Raper and Fennell. Mycologia, 40, 1948. 

Malt. The colony diameter in 14 days measures 4-4*5 cm. The surface is 
velvety, faintly zoned and uniform in colour, close to lincoln green (XLI), bordered 
by a narrow yellow rim with a submerged margin (2-3 mm.) beyond the coloured 
area. Under the low power of the microscope, yellow' encrusted hyphae are seen 
to form a loose network over the surface. 

The reverse is slightly buckled at the centre plane, elsewhere pale cream (XVI). 

Czapek. The growth on this medium is so restricted that it is difficult to describe 
any salient features. The diameter in 14 days is about 3-4 mm. The surface is 
covered with sporing heads, giving a lincoln green (XLI) colour. The margin is 


irregular and white. 

The reverse is colourless, 

Ranlin. Colony diameter 



p IG 35 , — p. diversion Raper and 
Fennell. 1. Habit sketch. 2. 
Details of penicillus, X 600. 
3. Spores, X 600. 


with the green sporing shades showing through, 
at 14 days is 2 5 cm. The surface is velvety and very 
similar in character to that described for malt agar. 
The reverse is buckled and buff-yellow at the centre 
(IV), paler and fiat beyond, with a rather uneven 
margin. 

Morphology. The conidiophores arise from the 
basal felt. They are smooth-walled or sometimes the 
walls are slightly roughened. The penicilli are of the 
typical bi-verticillate symmetrical type. The metulae 
are 8-10 n long and bear crowded and somewhat 
appressed sterigmata about 10 fx long and tapering 
to the conidial bearing tube. The spores are borne 
in loose tangled heads; the conidia are sub-globose, 
small, about 2 /x in diameter and smooth-walled. 

The features of diagnostic significance are: 

(1) The restricted growth on all media, but 
pronouncedly so on Czapek agar. 

(2) The velvety surface with yellow hyphal over¬ 
growth. 

(3) The small, smooth, sub-globose spores. 


Penicillium purpurogenum Stoll. Beit, zur Morph, und Biolog. Charact. 
von Penicilliumarten Wurzburg, 1904. 

Malt. The colony diameter measures 2 7 cm. in 14 days. The surface is velvety, 
pea to sage green (XLVII), with traces of orange mycelium towards the centre, 
pinard yellow (IV) outwards, with a narrow white margin. 

The reverse is buckled radially, honey yellow (XXX) or clay colour (XXIX). 
Malt slopes incubated at 25° C. show a sporing surface close to slate olive 
(XLVII) with orange red mycelium showing through the green area and forming 
the margin of the colony, the colour of which approximates to salmon orange or 

orange chrome (II). , , . 

The reverse is the same brilliant colour and the pigment diffuses into the 

medium, 

Czapek. The colony diameter measures 1 - 8 cm. in 14 days. The surface is velvety 
and shows a medley of colours, mostly yellow-green (citron green (XXXI)), with 
deeper green areas and a narrow pale yellow margin. Small colourless exudate 
drops may be present over the surface. 
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The reverse is in purplish red shades (XXVII) and slightly buckled; the 
purplish pigment diffuses into the surrounding agar. 

Raulin . The colony measures 2 cm. in 14 days. The surface is slightly floccose 
and repeats the colours as for Czapek. 

The reverse is buckled and tends to crack so that the orange-yellow basal felt 
shows through. The general colour of the reverse is in shades of brownish drab 


Morphology. The conidiophores vary 
If from trailing hyphae, they are about 



Fig. 36. — P. purpurogenum Stoll. 1. Habit 
sketch. 2. Details of penicillus, X 600. 
3. Spores, X 600. 


in length according to their point of origin. 
50 g. long, but many arise from the sub¬ 
stratum and are over 100 /a long. They 
are smooth-walled and septated. The 
penicilli are of the typical bi-verticillate 
and symmetrical type with a whorl of 
metulae 10-12 /a long, surmounted by 
clusters of sterigmata about 10 /a in 
length. The spores are borne in short 
tangled brush-like heads, about 50 /a in 
height. The spores are elliptic to sub- 
globose, 2-2 5 X 2 /a, almost smooth- 
walled and sometimes apiculate. 

Description illustrative of isolation 
PVC 3 . 

The features of diagnostic significance 
are: 

(1) The velvety or near velvety sur¬ 
face. 

(2) The restricted growth on all three 
media. 

(3) The purplish red reverse on 
Czapek. 

(4) The brilliant salmon orange col¬ 
ony margin on malt slopes incubated at 
25° C. 

Isolated from a mountain loam of the 
Bogong High Plains, Victoria, at the 
B 3 level (18-22 in.). 


Penicillium purpurogenum Stoll. 

Malt. The surface is velvety, lincoln green (XLI) or darker with creamy- 
yellow margin and sometimes a development of yellow hyphae at centre of colony. 
Pale yellow exudate drops may be present. Malt slopes differ from those of PVC 3 
in the more uniform green colour and paler margin. 

The reverse is plane. For M1B5, in youth, particularly at 25° C., it is red, but 
later deepens to a colour close to burnt umber (XXVIII). For 6B512 it is at the 
centre dark vinaceous to hydrangea red (XXVII) ; the rest is cream with areas of 
huffy citrine (XVI). 

tsapck. Colony diameter at 14 days measures 0 75 cm. The surface is velvety 
and coloured much as on malt. The margin is abrupt and uneven. 
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The reverse is plane; in M1B5 it is ox-blood red to garnet brown (I), fading 
to the margin; in 6B512 it is paler, with suggestion of red colour. 

Raidin. The surface is velvety with the central area raised in the form of an 
umbo; the green sporing colour close to artemisia green (XLVII), deepening in 
age, with a distinct pale yellow rather broad rim and abrupt margin. 

The reverse is plane, madder brown or deeper (XIII); sometimes the red 
colour diffuses into the medium. 

Morphology. The microscopic features are similar to those described for PVC 3 . 
However, the spores are larger, averaging 3 5 X 2-2 5 fx, with the walls roughened. 

Description illustrative of isolations M1B5 and 6B512. 

Isolated from the B horizon of the sandy podsol at Frankston, Victoria, and 
from the Mallee soils (Mildura) at 12 in. level. 

Penicillium rubrum Stoll. Beit, zur morpholog. und biolog. charackt. Penicillium- 
arten Wurzburg, 1904. 

Malt. The colony diameter measures 5 cm. in 14 days and continues to increase 
with time up to 7 cm. The surface is strictly velvety, in shades of lily to artemisia 
green (XLVII) ; in later growth conspicuously zonate with a narrow abrupt white 
margin. 

The reverse is plane, in purplish vinaceous shades (XXXIX), deeper outwards, 
with zonation lines evident and narrow cream margin. 

Czapek . The diameter of the colony is 5 cm. at 14 days. However, the linear 
spread ceases at that stage and the colony remains approximately at this width. 
The surface is mainly velvety, but towards the centre may appear slightly floccose; 
in shades of green rather paler than those developed on malt, and zoned. Small 

pale exudate droplets may be present and on 
drying may give a pitted appearance to the surface. 
The margin is white and rather uneven. 

The reverse is plane, in russet vinaceous shades 
(XXXIX), zoned outwards with a white margin. 

Raitlin. The growth is less on this medium, 
about 3 cm. in 14 days. The surface is velvety, 
lily to artemisia green, the surface pitted with 
small exudate drops and a narrow white margin. 

The reverse is very irregularly buckled and 
lifts away from the medium, army brown to olive 
brown (XL) with a pale margin and slight yellow 
discolouration of the medium. 

Morphology. The conidiophores arise mainly 
from the basal felt. They are long and smooth- 
walled and bear typical bi-verticillate symmetrical 
penicilli. The metulae average 10 ^ in length and 
they are inflated at the sterigmata bearing ends. 
The sterigmata are shorter and less tapered than 
those typical of this group. They average 7-7 5 /x 
and they bear the conidia in long narrow columns. 
The spores are globose to sub-globose, 2-2 5 /x, 
and smooth-walled. 



Fig. 37.— P. rubrum Stoll. 1. 
Habit sketch. 2. Details of 
penicillus, X 600. 3. Spores, 
X 600. 
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The features of diagnostic significance are: 

(1) The velvety sporing surface. 

(2) The smooth-walled conidiophores. 

(3) The small, more or less globose, smooth-walled spores. 

Isolated from the C horizon of the Frankston sandy podsol, about 50 in. from 
the ground surface. 

Penicillium islandicum Sopp. Monogr., 1912. 

Malt. The colony diameter at 14 days measures 2*5-2 8 cm. The surface is 
very floccose, maize to buff yellow in colour (IV) ; later the centre* becomes pea 
to sage green (XL,VII). Colourless exudate drops may be present. 

The reverse is radially buckled, honey yellow (XXX) or clay colour (XXIX), 
with a narrow pale margin. 

Czapek. The colony diameter measures 15 cm. in 14 days. The surface is 
lightly floccose and repeats the same yellow shades as noted for malt agar. Colour¬ 
less exudate drops may be present. 

The reverse is irregularly buckled and is capucine yellow with light orange 
yellow outwards (III) and narrow white margin. 

Raulin. The growth rate is similar to that on malt agar. The surface is sparsely 
floccose and at first is white to cream coloured (XVI). Later green sporing shades 
appear at the colony centre, close to gnaphalium green (XLVII), with pale yellow' 
beyond and narrow' white margin. 

The reverse is irregularly buckled, avellaneous (XL), becoming isabella colour 
(XXX) w'ith a narrow' white margin. 

Morphology. The surface of the colony is overgrowm with conspicuous ropes 
of hyphae from which the majority of the short conidiophores arise; many of them 
are 20-25 /x long and septated. Some conidiophores arise from trailing hyphae and 
are 75-100 /x long. They bear heads of the typical bi-verticillate symmetrical type. 
The metulae are 7-10 /x long and they subtend clusters of sterigmata. These are 
not so slender or tapered as the typical sterigmata for this group, measuring 
approximately 7 X 2 /x. The spores are borne in short brush-like heads. They are 
smooth-walled, elliptical and average about 3 X 2 fx. The mycelium is encrusted 
with yellow to orange granules. 

The features of diagnostic significance are: 

(1) The abundant development of ropes of hyphae from which the conidiophores 
mainly arise. 

(2) The restricted growth on all three media. 

(3) The predominantly yellow colour of the colonies. 

(4) The elliptic smooth-walled spores. 

Isolated from the A horizon of the Frankston sandy podsol. 

Penicillium verruculosum Peyronel. I germi atmosferici dei funghi con micelio 
Padova. 1913. 

Malt. The diameter of the colony measures approximately 5 cm. in 14 days. 
The surface is floccose, deep slate green and zoned (XLVII), passing into a pale 
yellow rim bounded by a broad white margin. 
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The reverse shows faint pink shades to occasionally corinthian red (XXVII) 
at the centre, then green sporing shades showing through cream to white margin. 

Czapek. The diameter of the colony measures 4 cm. at 14 days. The surface 
is almost velvety, deep slate green sometimes mixed with yellow hyphae and out¬ 
lined by a yellow rim with a broad white margin. 

The reverse is much as for malt. 

Raulin. The rate of growth is comparable to that on Czapek. The surface is 
deep slate-olive with a deep yellow ring; bright yellow and pink hyphae may be 
present through the green area, the amount varying with the strain isolated. 

The reverse is buckled; pink shades present at the centre in some strains, 
deepening to ox-blood red (I), yellowing towards the margin. 

Morphology. The floccose character of the colonies is due to the development 
of ropes of hyphae which branch and intertwine over the colony surface. From 
these ropes the majority of the conidiophores arise. They are of variable length, 
from 75-250 \x or more. Each bears at its apex a whorl of metulae 8-10 /x long, 

each subtending a cluster 
of sterigmata. These are 
8-10 /x long, with narrowly 
tapered conidial bearing 
tips. The conidia are borne 
in tangled chains, the whole 
penicillus forming a spread¬ 
ing head. The spores are 
globose, 2-5 to 3 /x in di¬ 
ameter, olive-coloured and 
echinulate. 

The features of diagnos¬ 
tic significance are: 

(1) The dark green spor¬ 
ing surface surrounded by a 
yellow rim. 

(2) The furiiculose 
growth. 

(3) The globose and ech¬ 
inulate spores. 

Isolated from the A and 
B horizons of the Frank- 
ston sandy podsol and from 
the litter of Lcucopogon 
virgatus, as well as from 
the Mallee soil at a depth 
70 in. 

Penicillium funiculosum Thom. U.S. Dept. Agr. Bur. Anim. Ind. Bui, 118, 1910. 

Malt. The colony diameter measures 4-5 cm. at 14 days. The surface is floccose. 
The colour of the sporing surface varies with different isolations; some are slate 
olive (XLVII) with mycelial overgrowth at the centre showing some pink colours, 
others have more yellow green tones such as grape green (XLI) with a yellow rim, 
others again show yellow mycelium through the colony. The surface may be zoned. 
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The reverse is in general cream with pinkish colours appearing and green 
sporing shades showing through. 

Old malt slopes may show a deep red reverse. 

Czapek. The colony diameter measures 3*5-4 cm. at 14 days. The surface is 
floccose, and again the colour varies. In some strains conidial formation is sparse 
and the colony shows pink shades; in others it is dark ivy green (XLVII) at the 
centre, but pink beyond. In others the green colour develops across the colony. 

The reverse may be from deep ox-blood red to carmine (I) with the colour 
diffusing into the medium, to a much paler reverse, more purple red, with no colour 
in the medium. 


Raul in. The rate of growth is similar to that on Czapek. The surface is floccose 
and is ivy green with pink and yellow shades right through the sporing area. 

The reverse shows the same deep red shades as those on Czapek. The red 

colour may diffuse into the medium or not according 
to the strain cultured. In age all cultures become 
olivaceous-black (VLVI). 

Morphology. Ropes of hyphae bearing conidiophores 
are present in the majority of the cultures but in some 
isolations they are not readily seen and the conidio¬ 
phores then arise for the most part from trailing hyphae 
close to the substrate so that they are variable in length. 
They are smooth-walled and bear typical bi-verticillate 
and symmetrical penicilli. The metulae are 8-10 /x long 
and bear sterigmata characteristic of the section with 
the well-marked conidial tube. The spores are elliptic 
to sub-globose, 2*5-3 X 2-2*5 /x, smooth-walled, or 
sometimes appearing slightly roughened. Their con¬ 
nectives often persist on the spore coat and when fully 
mature the spores are almost chocolate brown and some 
still show connectives. 

The features of diagnostic significance are: 

(1) The dark green sporing colour often mixed 
with pink and yellow hyphae. 

(2) The funiculose character of the surface. 

(3) The elliptic to sub-globose smooth spores. 

Thom. 1 Habit*^sketch! Isolated from the A and C horizons of the Frank- 
2. Details of penicillus, X ston sandy podsol and from a mountain loam at Bogong 
600. 3. Spores, X 600. High Plains, Victoria, at 0-9 in. and 10-32 in. 



SCOPULARIOPSIS BREVICAULIS 

Scopulariopsis brevicaulis (Sacc.) Bainier. Bui. Soc. Mycol., France, 23, 1907. 

Variety A, represented by PVAi 

Malt. Colonies on malt agar spread fairly rapidly, their diameter in 14 days 
being 4*5-5 cm. or more. The colony appears thin when the plates are held up to 
the light; the surface is velvety to powdery, dark greyish olive to olive brown, 
deepening to clove brown or darker (XL), with a white margin. 
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The reverse shows the sporing colour through the rather thin growth in grey 
shades, light olive grey to olive grey (LI), with a broad white margin. 

Czapek. The growth on this medium is so thin and sparse that it is necessary 
to hold the dish against the light to see it. The diameter measures 15-2 cm. in 
14 days. There are no characters to record. 

Raulin. The growth is again very thin, the rate of spread being comparable to 
that on Czapek. Sporing is so reduced that no colour develops for some time. 
Later, an olive brown powder may be visible. 

The reverse remains colourless until the spores form, and then the spore colour 
is seen faintly through the growth. 

Morphology described from growth on malt agar. The conidiophores arise 
either from trailing hyphae or from ropes of hyphae. They are smooth-walled and 



Fig. 40 . — Scoputariopsis brevtcaulis (Sacc.) Bainier. 

1. Diagram of sporting heads. 2. Details of conidiophore, X 600. 3. Spores, 

X 600. 

4. Diagram of rope with conidiophores. 5. Conidiophore from Czapek agar, 

X 65. 6. Details of conidiophore, X 600. 

short; the average length is between 20 and 25 /a. Each is swollen at its tip, and 
over this surface are borne whorls, of from six to eight or more, short and broad 
sterigmata (5 /a X 2-2 5 /a). The spore chains are short, and form almost star-like 
groups when viewed from above under low magnification. The spores are roughly 


Variety A. 
Variety B. 
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spherical and the size appears to be variable; when fully mature, they are 5 fx in 
diameter, smoke-coloured and rough-walled, the roughening being in the form of 
coarse tuberculate prominences. The connectives are prominent in the spore chains, 
and when the spore falls away there is left a small spherical area on one end of it, 
rather suggestive of a germ pore; sometimes the connective itself remains attached 
to the mature spore and forms a plug over this area. 

The features of diagnostic significance are: 

(1) The very poor and transparent growth on Czapek agar. 

(2) The dark brown colour of the spores. 

(3) The prominent connectives which may remain attached to the spore at 
maturity, or the point of attachment may remain as a circular area resembling a 
germ spore. 

Isolated from the A horizon (0-2 in.) of a greyish-brown silty loam at Pretty 
Valley, Bogong High Plains, Victoria. 

Variety B, description drawn from isolation 257/6. 

Malt. The colony diameter measures 4 5-5 cm. at 14 days. The growth is 
normal, not thin and transparent; the surface is floccose, deep to dark olive grey 
(LI), becoming olivaceous black (XLVI) ; sometimes colourless exudate drops 
may be present. The margin is white. 

The reverse shows pale shades of grey. 

Czapek. The colony at 14 days is very thin and transparent, and can only be 
seen by holding the dishes up to the light. The diameter measures 3-3 5 cm. in 
14 days. The surface is very sparsely powdered with brown where spores are 
forming, otherwise there are no characters to record. 

Raulin. The growth rate is comparable with that on Czapek, but the type of 
growth is more normal. The surface is floccose, light to dark olive grey (LI), 
with a broad white margin. 

The reverse has a general cream background with buff colours at the centre. 
Morphology. Similar to that of Variety A. 

Raper and Thom, in their discussion of the Scopulariopsis group, divide the 
various strains examined by them into nine sections. Our isolation 257/6 seems 
to fit into their group 7. It differs from PVAi in its very different type of growth 
on malt agar and the darker sporing surface. 

Isolated from the A horizon of the Frankston sandy podsol. 
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Microscopical Society of Victoria. 

Journal (Vol. 1, Pt. 1, entitled Quarterly Journal). Vol. 1 (Pts. 1 to 
4), 2 (Pt. 1), title page and index [all published]. 1879-82. 

[The Society then combined with the Royal Society of Victoria.! 

Note—M ost of the volumes published before 1890 are out 
of print. 
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The Royal Society of Victoria has a number of unbound volumes of the 
following for sale:— 

Aborigines of Victoria, by R. Brough Smyth (2 vols., 4°), 1878. 
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Australian Race, by E. M. Curr (3 vols., 8° and atlas fo.), 1886-87. 
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THE WEDDERBURN METEORITIC IRON 
By A. B. Edwards, D.Sc., Ph.D., D.I.C. 

[Read 11 October 1951] 

Introduction 

The examination of the Wedderburn meteorite was undertaken as part of the 
research programme of the Mineragraphic Section of the Commonwealth Scientific 
and Industrial Research Organization, by whose permission it is published. 
The meteorite is specimen Reg. No. 11893, Geological Museum, Mines Depart¬ 
ment, Victoria. It was found by Mr. C. Bell, of Rushworth, when prospecting at 
a point three miles north-east of Wedderburn. He kicked it on the side of the 
road, noticed that it was very heavy, and thought it might contain gold — which, 
incidentally, it does. It appeared to be a complete meteorite, with well rounded 
surfaces, and shows a characteristic ‘thumb mark’. It weighed 210 gm. and its 
overall size was 5 cm. X 3 6 cm. X 2 6 cm. 


Chemical Composition 
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1. Wedderburn ( Analyst: G. C. Carlos, Mineragraphic Section, C.S.I.R.O.). 

2. Tawallah Valley, Roper River District (Hodge-Smith and Edwards, 1941). 

3. Cowra, N.S.W. (Mingaye, 1904). 

4. Mount Magnet, W.A. (Simpson, 1927). 


The specific gravity of the main portion of the meteorite (159 gm.), which 
has been preserved, is 8*025, and it is probable that the specific gravity of the 
fresh iron is a little higher than this. The effect of surface weathering on the 
density was established on a sawn-off fragment with a rust-coated surface. With 
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THE WEDDERBURN METEORITIC IRON 
By A. B. Edwards, D.Sc., Ph.D., D.I.C. 

[Read 11 October 1951] 

Introduction 

The examination of the Wedderburn meteorite was undertaken as part of the 
research programme of the Mineragraphic Section of the Commonwealth Scientific 
and Industrial Research Organization, by whose permission it is published. 
The meteorite is specimen Reg. No. 11893, Geological Museum, Mines Depart¬ 
ment, Victoria. It was found by Mr. C. Bell, of Rushworth, when prospecting at 
a point three miles north-east of Wedderburn. He kicked it on the side of the 
road, noticed that it was very heavy, and thought it might contain gold — which, 
incidentally, it does. It appeared to be a complete meteorite, with well rounded 
surfaces, and shows a characteristic ‘thumb mark'. It weighed 210 gm. and its 
overall size was 5 cm. X 3 6 cm. X 2 6 cm. 

Chemical Composition 

Chemical analysis of the Wedderburn meteorite reveals that it is an iron 
meteorite, containing about 24 per cent of nickel (plus cobalt). It thus has the 
distinction of being the most nickel-rich meteoritic iron yet found in Australia. 
Iron with 30, 35 and even 62 per cent nickel have been found in Brazil, and in 
the United States (Perry, 1944). Table 1 shows the composition of the Wedder¬ 
burn iron, compared with other nickel-rich irons found in Australia. 

Table 1 

Chemical Composition oj the Wedderburn and other Australian Meteoritic Irons 
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2. 

3. 
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Fe 


74-35 

82-29 
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85-66 
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23-95 
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99-77 

100-31 

99 81 

100 04 
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8-025 

8 00 

7-805 
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1. Wedderburn ( Analyst : G. C. Carlos, Mineragraphic Section, C.S.I.R.O.). 

2. Tawallah Valley, Roper River District (Hodge-Smilh and Edwards, 1941). 

3. Cowra, N.S.W. (Mingaye, 1904). 

4. Mount Magnet, W.A. (Simpson, 1927). 

The specific gravity of the main portion of the meteorite (159 gm.), which 
has been preserved, is 8 025, and it is probable that the specific gravity of the 
fresh iron is a little higher than this. The effect of surface weathering on the 
density was established on a sawn-off fragment with a rust-coated surface. With 
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its rust coating untouched the fragment had a specific gravity of 7 784. After 
grinding away much of the coating the density increased to 7 899, and after a 
further grinding, to 7 94. Some rusted a-iron was still present. 

Microtexture 

In the unetched polished section numerous irregular bodies of creamy-brown 
iron-nickel phosphide, and less numerous small bodies of darker brown troilite* 
(FeS) can be distinguished dispersed through the iron; and it can be seen that 
the iron-nickel phosphide bodies are generally rimmed by a narrow zone of iron 
that is softer than the iron as a whole. Several of the troilite bodies show an 
intimate micro-intergrowth with iron, and one or two are associated with a little 
carbonaceous matter. Grains of gold were observed, associated with the phosphide 
in one section. 

A light etching with 2% nitric acid in alcohol, or with 20% aqueous ferric 
chloride, brings out an incipient Widmannstatten texture (PI. II, figs. 1 and 2), 
comparable with that found in other nickel-rich irons, such as the Tawallah Valley 
iron (Hodge-Smith and Edwards, 1941). The etching reveals that the iron-nickel 
phosphide bodies, which are up to 0 05 mm. X 0 05 mm., are distributed more 
or less uniformly through the iron, and variously oriented, with a tendency to 
lie parallel to the octahedral planes of the iron, and that they are commonly 
enclosed by narrow rims of a-iron, up to 0 05 mm. thick (PI. II, fig. 1). Occasional 
phosphide bodies have no such rim, others have the rim on one side only. The 
apparent width of the a-iron rim varies with the orientation of the phosphide 
bodies and their rims relative to the plane of the polished section. Occasionally 
the plane of the section lies wholly in a rim of a-iron (PI. II, fig. 1). 

In the interspaces between the phosphide bodies are areas which with light 
etching appear to be predominantly y-iron carrying clusters of minute lens-like 
bodies of a-iron, the a-iron bodies being oriented parallel to the octahedral planes 
of y-iron (PI. II, figs. 1 and 2). Close inspection of the clear matrix between the 
a-iron bodies show that it is finely mottled, and with more severe etching it 
darkens. Very high magnification reveals that it is an extremely fine-grained 
intergrowth of bodies of a-iron that grade down to sub-microscopic sizes, in a 
y-iron matrix, the a-iron bodies being oriented like the visible a-iron bodies shown 
in PI. II, figs. 1 and 2), forming a so-called ‘plessite’ intergrowth. 

The y-iron adjacent to the phosphide bodies and the coarser oriented a-iron 
bodies has been ‘drained’ free of a-iron by solid diffusion, and segregation to the 
larger areas of a-iron. This feature is more apparent with stronger etching, which 
leaves the ‘drained’ areas unetched, while the sub-microscopic intergrowths of 
a-iron and y-iron appear black at all but high magnifications. 

The marginal 2 to 3 mm. of the meteorite remains practically unetched by 
weak nitric acid, because here rapid chilling has prevented any fine precipitation 
of a-iron bodies, and all the matrix iron is in the y-form, with a nickel content 
comparable with the overall nickel content of the iron. 

The a-iron and y-iron are readily distinguished by their etching behaviour: 

a-iron: positive—HN0 3 , FeCl 3 , HgCl 2 . 

negative— HC1(?), KOH, KCN. 
y-iron; negative—HNO a , HC1, KOH, KCN, FeCl 3 , HgCl 2 . 

The a-iron, moreover, rusts readily on exposure in the polished surface, whereas 
the y-iron does not (PI. II, fig. 3). 


PROC. ROY. SOC. VIC, 64. PLATE II 



Fig. 1. — Wedderburn iron, lightly etched with 2% nitric acid in alcohol. The hard white 
bodies are schreibersite, rimmed with a-iron, and the oriented small dark bodies 
within them are a-iron. The matrix is a fine intergrowth of a-iron and 7-iron, except 
in the vicinity of the large bodies of a-iron, where it consists only of 7 -iron. X 150. 

Fig. 2 . — Part of the field of view of Fig. 1, magnified, showing the duplex nature of the 
matrix. X 450 

Fig. 3. — Differential rusting of a-iron (dark). The relatively homogeneous area is on the 
edge of the structureless marginal portion of the iron. X 75. 

Fig. 4. — Area of gold (light grey) in unetched iron (medium grey), at the edge of the 
specimen. Dark areas are pits. X 500. 
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Iron-nickel Phosphide 

Only one iron-nickel phosphide is present. It is creamy-brown, too hard to 
scratch with a steel needle, and brittle, so that it is difficult to polish, and tends 
to pluck out between fractures. It is weakly anisotropic, and is resistant to 
all etching reagents, other than HC1, which causes slow effervescence. In these 
respects it parallels the iron-nickel phosphide described as schreibersite B from 
the Packenham and Cranbourne meteorites (Edwards and Baker, 1942, 1944). 
The phosphide bodies range in size from 1 X 1 mm. up to *50 X 05 mm. and 
tend to a stumpy and irregular prismatic form. 

T roilite 

Associated with the schreibersite bodies are several small, more or less ovoid, 
bodies of iron sulphide. It is darker brown than the schreibersite, and rather 
difficult to polish on account of its fine granular texture, which is made apparent 
by its strong anisotropy. It effervesces with 1: 1 nitric acid, which distinguishes it 
from pyrrhotite. Some areas show a fine intergrowth of troilite with metallic iron, 
as in a eutectic, but most are massive. Very occasionally the troilite is associated 
with a carbonaceous matter. 

Carbonaceous Matters 

The grey carbonaceous matter associated with troilite appears isotropic, and 
lacks the strong anisotropism and pleochroism of graphite. The areas of it are 
too small to be determined with certainty, but the association with the pyrrhotite 
is similar to the association of graphite with pyrrhotite in other meteoritic irons, 
and the suggestion is that it is the form of carbon termed cliftonite that has been 
found in some irons. 

Gold 

Two areas of bright yellow gold were observed in one section. The larger area 
when first observed measured 25 X '20 mm., but on re-polishing the surface in 
an attempt to improve the polish was reduced to two areas, one 05 X 03 mm. 
and one 12 X 05 (PI. II, fig. 4). Unfortunately the gold area was intersected 
by the saw cuts made to obtain a fragment for analysis, and its situation on the 
deeply scored edge of the piece polished, and adjacent to a shattered body of 
schreibersite, made it impossible to obtain a good polish. The rapid reduction in 
size of the gold areas on re-polishing suggested that it occurs as a thin film-like 
area, and that further polishing might destroy it completely. 

The second area of gold was a thread about 01 X 005 mm., in the interstices 
of a schreibersite area. 

Etching tests revealed that the gold was inert to 1: 1 nitric acid, and rapidly 
etched by potassium cyanide. This, combined with the fact that it was much 
brighter than the enclosing iron, left no doubt of its identity. 

In view of the capacity of gold to alloy with iron, it is somewhat surprising 
that the gold should occur in such distinct form. It is most unlikely that the gold 
could have entered from some extraneous source. 

Gold has been detected in other Australian meteorites. Liversidge (1902) 
recorded it in the Bugaldi and Gilgoin No. 1 meteorites, and in the Nurraburra 
iron (Liversidge, 1903), and Mingaye (1904) observed it in the Mount Dyrring 
meteorite. Geochemical investigations have established that gold is one thousand¬ 
fold more abundant in nickel-iron meteorites than in the earth’s crust. The average 
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gold content of the earth's crust is estimated as 005 grams per ton, whereas the 
average content of nickel-iron meteorites is 5 grams per ton (Goldschmidt, 1937). 

Origin of the Microtexture 

The Widmannstatten textures in metoritic irons arise from the transformation 
of original y-nickel iron to a-nickel iron (Derge and Kommell, 1937; Hodge-Smith 
and Edwards, 1941; Perry, 1944). The transformation proceeds according to 
equilibrium relationships as outlined by Marsh (1938). The newly precipitated 
a-iron (kamacite) grows most readily in the octahedral planes of the y-iron, so 
that oriented blade-like crystals of a-iron develop. 

In artificial irons with more than 20% nickel the transformation temperature 
is so depressed that generally no transformation to the a-state occurs. Prolonged 
annealing of artificial alloys of this composition fails to produce any transformation 
(March, 1938), but, possibly owing to the effect of minor impurities, Derge and 
Kommell (1937) obtained a fine Widmannstatten texture in an alloy with 27% 
nickel, by allowing it to cool from 1400° C. to room temperature in about twelve 
hours. 

The Wedderburn iron, with* 23 23% nickel (and cobalt), might have been 
expected to be structureless, i.e. a nickel-rich ataxite. Its texture, however, is that 
of an ‘eotaxite’ and resembles that of the Tawallah Valley meteorite which contains 
a total of 18 per cent (Ni + Co), but is finer grained. Its crystallization behaviour 
has paralleled that of Derge and Kommeirs alloy, although in view of the small 
size of the Wedderburn iron, it must have cooled more rapidly. Presumably 
impurities such as phosphorus or the presence of the schreibersite bodies, which 
served as nuclei about which much of the a-iron formed, or accumulated, stimulated 
the transformation. 

Textures of this type persist in meteoric irons until the (Ni-f Co) content is 
in excess of about 35 per cent. The San Cristobal and Limestone Creek (Alabama) 
irons with 26 6 and 31 47 per cent (Ni, Co) respectively show such textures, 
whereas the Santa Catherina (Brazil) iron with 35 87 per cent (Ni, Co) and the 
Octibbeha (Mississippi) iron with 62 73 per cent (Ni, Co) are true ataxites 
(Perry, 1944. p. 68). 
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THE GEOLOGY OF THE COASTLINE OF WARATAH BAY 
BETWEEN WALKERVILLE AND CAPE LIPTRAP 

By A. W. Lindner, B.Sc. 

[Read 11 October 19511 


Abstract 

A study of nine miles of the Waratah Bay coastline has been made, and a larger area, the 
Cape Liptrap peninsula, is referred to in a discussion of the structural geology and 

geomorphology. . 

Four sedimentary and two igneous formations have been mapped. Examination of fossils 
has established that Tremadocian (Lower Ordovician) sheared calcareous shales and siliceous 
limestones, and Devonian limestones, sandstones and shales are present. A group of altered 
basic lavas, basic intrusive rocks, pyroclastics and sediments, referred to as diabase, is probably 
equivalent to the Heathcotian rocks. 

The Palaeozoic formations are separated by faults, gabbro being intruded along the fault 
between the diabase and the Tremadocian sediments. The relation of the gabbro to the 
Devonian is not known. The Devonian sandstones and shales have been more severely folded 
than the other Palaeozoic rocks and are believed to occupy a synclinal area between the 
structural axes of the diabase and the Tremadocian to the cast, and Upper Ordovician to the 

A mantle of Tertiary sands and conglomerates covers the older rocks, this being regarded 
as a marine platform which was raised during the late Tertiary uplift of South Gippsland to 
form a coastal plain. The coastal plain is in a youthful stage. 

Structure and texture of the. rocks have played an important role in the present configuration 
of the coastline. Erosional processes along the shore are discussed. 


Introduction 

Waratah Bay is the stretch of water between Cape Liptrap and Wilson’s 
Promontory, South Gippsland, Victoria. The area surveyed is a nine-mile strip 
of the western coastline of Waratah Bay south from the township of Walkerville 
to Cape Liptrap. For discussion of the structure and geomorphology reference is 
made to the Cape Liptrap peninsula (Fig. 1). 

The Cape Liptrap peninsula is an undulating plateau, about 30 square miles 
in area, with a low but dominant ridge forming a local divide striking approximately 
S 30° W from Rock Hill (530 feet) to Cape Liptrap, which is approximately 300 
feet above sea level (Fig. 1). A number of small creeks drain into the sea on each 
side of the ridge. Morgan’s, Middle and Ten Mile Creeks are the largest on the 
western side. Outcrops are rare because of the extensive layer of Tertiary gravels 
and sands and recent wind-blown sand mixed with plant humus. 

The coastline is rock and, except for Maitland beach, is bounded by cliffs up 
to 100 feet high. The headlands rise abruptly from wave-cut platforms and the 
cliffs at Cape Liptrap are about 250 feet high. Digger Island, about 80 yards across 
and 250 yards in circumference, is a tied island at half tide. Rock stacks occur 
off the headlands of limestone and most of the these are connected to the mainland 
at low tide. 
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Walkerville may be reached by road or rail (to Fish Creek) from Melbourne. 
By road the distance is 103 miles via Leongatha and Fish Creek or 110 miles via 
Leongatha and Tarwin. Fish Creek railway station is 100 miles from Melbourne 
and the road from Fish Creek to Walkerville is 16 miles. This road is in bad 
condition during wet weather. 



Field work extended over four short periods between 1945 and 1950. In 
February, 1948, a continuous compass and pace traverse was made along the shore 
from The Bluff to Point Grinder, together with two short chain and compass 
traverses in the vicinity of Bell Point. No traverses with linear control have been 
made between Point Grinder and Cape Liptrap. As most of the outcrops are 
exposed, on the foreshore, field work was planned to coincide with low tides. 

The locality map (Fig. 1) is based on the 1 mile = 1 inch military survey sheets 
of Waratah and Yanakie. The detailed inset (Fig. 2) and the areal geological 























































































3KOTZ3MU TWOS 


















CM A (910 











































GEOLOGY OF WARATAH BAY 


79 


map (Fig. 3) have been constructed from traverse data and the military, parish 
and geological plans of Waratah. 

Previous field work in the area was done by officers of the Geological Survey 
of Victoria. Murray (1876), during a survey of South Gippsland, was the first 
geologist to visit the area. He reported on the occurrence of limestone at Point 
Grinder and Bird Rock, and brought back samples of limestone and diabase for 
analysis, and a collection of corals. Ulrich mentioned fossils in the Progress Report 
for 1875 and suggested an Upper Silurian or Lower Devonian age for the lime¬ 
stone. A description of the gabbro appeared in the Progress Report of the Survey 
in 1877 and in the same report McCoy recorded the presence of Palaeopora 
(== Heliolites) interstincta (Wahl). In 1894, Stirling investigated the deposits 
of silver in the contact zone of the gabbro with the Tremadocian sediments. How¬ 
ever, the silver is not present in payable quantities. Stirling also mentioned that 
the Tertiary sediments near the coast had been sluiced for gold. 

In 1898, Etheridge Jnr. reported on a collection of corals from Waratah Bay 
and named a new species, Try plasma murrayi. Crinoidal limestone, a dorsal valve 
of a spiriferid and indeterminable plant remains are also recorded. Etheridge 
regarded the age as Upper Silurian. In 1904, Hall identified an imperfect specimen 
of Diplograptus from Bald Hill, eight miles north-north-west of Walkerville, and 
an Upper Ordovician age was established for outcrops near Ten Mile Creek and 
Bald Hill. 

Osmiridium, in the beach sands, was recorded in 1914. Kitson, in 1917, 
observed that sediments at Waratah Bay contained a similar suite of fossils and 
were lithologically similar to the Mt. Ida beds in the Heathcote District. Lignitic 
material was discovered near Digger Island in 1925, when Baragwanath examined 
an alleged deposit of bitumen at that locality. Ferguson completed the first 
geological survey of the Liptrap Peninsula and his geological map was published 
in 1928 in the Parish Series of the Geological Survey of Victoria. A complete list 
of references to Waratah Bay is included in the bibliography. 

Stratigraphy 

Nomenclature 

Four sedimentary and two igneous formations have been recognized in the 
area. A detailed study of trilobites collected from the sediments at Digger Island 
has been made by Dr. O. P. Singleton (manuscript) and he has established a 
Tremadocian age for these sediments. The faunal assemblage is new for Australia 
and the sedimentary succession has been called the Digger Island Formation. Fossil 
material collected from other sedimentary rocks allows only general indications of 
the age of the sedimentary formations to be made. Two formations of Devonian 
age have been named, the Bell Point Limestone and Liptrap Formation, as there 
are distinct lithological variations from rocks of similar age elsewhere in Victoria. 
Correlation with other sections in Victoria cannot be attempted without more 
palaeontological and stratigraphical evidence and therefore the following formation 
names are suggested: Digger Island Formation, Bell Point Limestone, and Liptrap 
Formation. 

The conglomerate and sands which overlie the Palaeozoic rocks are probably 
of Tertiary age but have not been specifically named. The term ‘diabase’ is applied 
in the sense that it is used in Victoria to describe collectively a complex series of 
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altered basic and intermediate lavas with interbedded pyroclastics, ash beds and 
sediments of pre-Upper Cambrian age. Lithology and regional structure of the 
diabase is the only evidence to correlate the group with the Heathcotian formation 
of the Mt. William-Heathcote-Colbinabbin belt or the Mt. Wellington and Howqua 
areas. 

Gabbro is retained as a name for the basic intrusive rock, although several 
basic rock types appear to have been present originally. However, the rock has 
been serpentinized and no outcrops of the primary rock types are known. 

Sedimentary Rocks 

Digger Island Formation 

Definition. The Digger Island Formation is a sequence of fossiliferous, yellow- 
brown, grey and grey-green shales and calcareous shales; poorly bedded, yellow 
decalcified mudstone and thin-bedded, fossiliferous, grey, grey-green and purple, 
fine-grained, dense, siliceous limestones. The sediments are strongly sheared and 
estimated to be 120 to 130 feet thick. They are well developed on Digger Island, 
which has been chosen as the type locality. On its western boundary the formation 
is either intruded by gabbro or faulted against the diabase; on its eastern boundary 
it is faulted against the Bell Point limestone. 

Distribution. The formation extends from locality 1 southwards beyond Digger 
Island, passes to the west of Bell Point, where it is faulted against the Bell Point 
Limestone, and reappears in the cliff face at locality 4 as deeply weathered outcrops 
of yellow, sheared, nodular, calcitic mudstone. At locality 6 there is a contact with 
the gabbro, and from there to locality 7 the formation is faulted against the diabase. 
The black-stained, unfossiliferous limestone stack off locality 7 is made up of rocks 
belonging to this formation. 

Lithology. Shale and mudstone with a varying carbonate content are the 
dominant rock types. The thin-bedded, siliceous limestone contains calcareous 
nodules. Sharp lateral changes from one rock type to another are common. 

Along the shoreline north from Digger Island to locality 1 and south to 
locality 2 the formation has been contact metamorphosed by the gabbro, which 
recrystallized and reconstituted the sediments for 70 to 80 feet from the contact 
with complete loss of bedding, destruction of fossils and development of jointing. 
Beyond about 150 feet from the contact, the noticeable effect of metamorphism 
ceases, the bedding becomes apparent and jointing is less pronounced. 

Thin sections, cut from specimens taken within 40 feet of the contact with the 
gabbro near locality 1, indicate the variable composition of the sediments of the 
Digger Island Formation. Under the microscope, one section is seen to contain 
angular quartz grains up to 0 3 mm. in diameter. Plagioclase is also present. The 
rock has a fine-grained, banded matrix of a carbonate mineral and clay minerals. 
Other sections contain a high proportion of fibrous brucite associated with clusters 
of granular vesuvianite up to 1 mm. in diameter. A carbonate mineral occurs as 
subhedral crystals usually less than 01 mm. in diameter in the matrix. Euhedral 
pyrite, about 0 1 mm. in size, is common in all sections. Although qualitative acid 
tests failed to indicate the presence of dolomite or magnesite in the various types 
of unmetamorphosed sediments, magnesium is evidently present in places. The 
presence of a carbonate mineral and quartz in a thermally metamorphosed rock 
indicates that the intrusion of the gabbro was accompanied by a very low grade 
thermal metamorphism. 
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Palaeontology. A faunal assemblage of trilobites and brachiopods, peculiar in 
Australia, was found by Mr. P. W. Crohn and the writer. Brachiopods occur near 
locality 2 on the mainland (Fig. 2), on the south and east sides of Digger Island, 
and are associated with trilobites at about high water level on the south-west and 
west sides of the island. Trilobites are known from several localities on the north 
and west sides of Digger Island and below high water level on the west side of the 
island. Trilobite fragments occur at locality 4. 

Although the fossils are sheared they are well preserved. The trilobites are as 
follows * 

Geragnostus laterhachis sp. nov. Singleton m.s. 

Geragnostus laterhachis forma obsoleta nov. Singleton m.s. 

Kainella occidcntalis sp. nov. Singleton m.s. 

Leiostegium elongatum sp. nov. Singleton m.s. 

Hystricunus sulcatus sp. nov. Singleton m.s. 

Onchonotus rectifrons sp. nov. Singleton m.s. 

Archaeharpcs mirabilis gen. et sp. nov. Singleton m.s. 

Protoplioincrops qnadrispinosus sp, nov. Singleton m.s. 

Phumacephalus insuetus gen. et sp. nov. Singleton m.s. 

Gen. et sp. nov. undetermined. 

Trilobite indet. 

Pygidium unidentified. 

Dr. Opik has undertaken the examination of the brachiopods. Cystid plates 
are also present (Singleton, personal communication). 

Dr. Singleton has stated (person communication) that the presence of the 
fcainella- Leiostegium association in the trilobite fauna of the Digger Island Forma¬ 
tion indicates an early Tremadocian age for these beds. The general easterly dip 
of the sediments on’ Digger Island indicates that the trilobite beds are strati- 
graphically lower than those bearing brachiopods. Jointing and frequent small-scale 
faulting make it impossible to trace the beds laterally with any certainty and the 
relationship of the fossils on the mainland to those of Digger Island is not known. 

Dr. Opik (personal communication) has suggested lithologic affinities of the 
formation with a part of the Caroline Creek shales and sandstones of Tasmania 
(Lewis, 1940). 

Bell Point Limestone 

Definition. This formation consists of well bedded, fossiliferous, grey, silty 
limestone; bedded to massive, grey-white limestone, partly recrystallized and not 
richly fossiliferous, with local development of bioherms; fossiliferous, brown, silty 
limestone with angular chert fragments and fine micaceous mudstone. At Bell 
Point, the type locality, the formation is terminated on the west by a fault 
separating it from the Digger Island Formation and the base of the section forms 
the coastline on the east. At Point Grinder, and between Bird Rock and The 
Bluff, the formation is faulted against the Liptrap Formation on the west and 
against the diabase on the east; 350 feet of sediments have been measured, but the 
total thickness of the formation is greater than this. 

Lithology. The grey, silty limestone is a dense, fine-grained, dark-coloured 
rock, commonly veined by calcite. The beds range from two to nine inches in 
thickness and are, in places, massive. These are interbedded with an evenly bedded 
light grey limestone, with beds ranging from six to twelve inches in thickness. 
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Thickness of the grey limestones is estimated to be at least 140 feet. The limestone 
was quarried and calcined at The Bluff for many years. 

A large crudely bedded mass of grey-white limestone (about 100 X 100 X 30 
feet), between the north arm of Bell Point and Mushroom Rock, is regarded as 
a bioherm. Beds lateral to the top of the bioherm contain angular fragmental 
limestone. Elsewhere, the grey-white limestone is poorly bedded or massive. It is 
a dense, medium-grained, clastic, pure crystalline rock and is oolitic on the inner 
stack at Bird Rock. One hundred and forty feet of this limestone is exposed at 
Bell Point and 420 feet at Point Grinder. 

Angular chert fragments up to 12 mm. in diameter are embedded in the 
fossiliferous, brown, silty limestone and massive brown mudstone. Beds of similar 
lithology to the grey silty limestone, but containing agglomerate with unsorted, 
angular, cherty material for the lower six feet, occur at Point Grinder. 

Distribution. Outcrops of the formation occur at Bell Point, Point Grinder, 
and between Bird Rock and The Bluff. The grey-white limestone overlies beds of 
grey limestone containing agglomerate at Point Grinder, but forms the lowest part 
of the exposed section at Mushroom Rock. The three stacks at Bird Rock consist 
of grey-white limestone. These stacks are isolated from the outcrops of brown 
limestone to the west near Walkerville, although the strike of the brown limestone 
indicates that these beds underlie the grey-white limestone. At Bell Point, the 
grey limestone, in an abrupt facies change, conformably overlies the grey-white 
limestone at Mushroom Rock. Grey limestone and mudstone also occur between 
Walkerville and The Bluff, and micaceous mudstone is exposed in the road cutting 
at Walkerville. The outcrops between Bird Rock and The Bluff are not continuous 
and the break in the section may be due to the presence of more easily eroded 
sediments and also to the major changes of strike which occur in this locality. 

Palaeontology. Fossils are known from the grey-white limestone at Point 
Grinder, Mushroom Rock and the bioherm to the north, and at the middle stack 
at Bird Rock. Stromatoporoids and crinoid fragments are common to all localities. 
A gastropod and cephalopod are known from Mushroom Rock. Corals occur at 
the Bird Rock locality and at Point Grinder. Favosites nitida Chapman has been 
identified by Dr. Hill from Point Grinder. 

The change of conditions which resulted in the deposition of the grey lime¬ 
stone favoured an entirely different assemblage of forms. Some beds are richly 
fossiliferous. A trochoform gastropod is the only fossil in the lowest 75 feet. 
Above this, Spiriferid brachiopods occur together with the gastropod. There 
follows a section of unfossiliferous rocks, above which the beds contain rugose and 
rare tabulate corals, Spiriferids and other brachiopods and several small species 
of gastropods, including turreted and turbinate forms. A grey silty limestone bed, 
faulted against the Digger Island Formation at locality 5, contains Conocardium 
and ostracods. Beds rich in corals alternate with beds rich in brachiopods to the 
top of the section, although both forms are present in any given bed. 

Tabulate and rugose corals, which macroscopically appear to be similar to the 
corals of the grey limestone at Bell Point, occur in the brown limestone west of 
Bird Rock. Amphipora occurs in the grey silty limestone near The Bluff. 

From field evidence, the sequence of rocks in the formation is a basal, brown, 
silty limestone and mudstone with chert pebbles overlain by grey-white limestone. 
Above this is grey silty limestone. 


GEOLOGY OF WARATAH BAY 


83 


Liptrap Formation 

Distribution. This formation continues westward beyond Cape Liptrap from 
its faulted contact with the Bell Point Limestone, west of Point Grinder. Its 
extent northwards along the coastline from The Bluff, where it is faulted against 
the Bell Point Limestone, is unknown. The brief examination of the formation 
was restricted to the coastline between Point Grinder and Cape Liptrap and in 
the immediate vicinity of The Bluff. 

Lithology. The sediments include light grey medium- to coarse-grained quartz 
sandstone with some bands of grit; dark grey medium- to fine-grained sandstone, 
interbedded with dark grey to smoky grey and black mudstone and slate, in places 
micaceous. The coarse sandstone is usually massive or thickly bedded and contains 
thin veins and stringers of quartz. The conglomeratic material in the coarse 
sandstone contains chert and green quartzite. The medium-grained sandstone and 
the mudstone are well bedded and often current-bedded with well developed top, 
lore and bottom sets. Both the fine-grained sandstone and the mudstone are 
commonly ripple-marked. The ripple-marks have a wave length of about 5 cm. 
and an amplitude of *5 to 1 cm. Subaqueous penecontemporaneous slumping has 
occurred in some beds of the mudstone. 

Palaeontology. Ferguson (1928) recorded fossil plants at Livingstone Creek 
and a breccia with corals on the Bass Strait coastline, north-west of Cape Liptrap. 
Solitary and compound corals were found by the writer at several localities along 
the two miles of coastline north-east from Cape Liptrap. The corals occur in 
medium- and coarse-grained sandstone and are commonly associated with the 
pebbles in the conglomeratic bands. Corals also occur occasionally in the slumped 
beds. The corals are similar to those found in the Sulcor Limestone of New 
South Wales, which is lower Middle Devonian (Hill, personal communication). 
However, the lithology ancl the relationship of the fossils to the coarse-grained 
sediments are similar to the description of the lithology of the Walhalla Beds in 
the Walhalla Synclinoriuth (David, 1950). 

The stratigraphic relationship of the Bell Point Limestone and Liptrap 
Formation cannot be determined in the field, and although the faunal assemblages 
of both have a Devonian aspect, palaeontological evidence is insufficient at present 
to indicate their relative ages. 

Tertiary Sediments 

Distribution. Tertiary sediments overlie the Palaeozoic rocks on the cliff tops 
and for a considerable distance inland between Walkerville and Point Grinder. 
They also cap Digger Island. Small outcrops occur at low water level near the 
fault between the Digger Island Formation and Bell Point Limestone north of 
locality 3, although these outcrops may not be in situ. However, there is a deposit 
of lignitic material on the foreshore about 15 chains south of Digger Island. 

Lithology. The sediments consist of a white, fine quartz-conglomerate and 
sands. The sediments are poorly bedded and are consolidated, but not well 
cemented. Rounded to sub-rounded pebbles of milky quartz and rare diabase, 
2 to 10 mm. in diameter, are unevenly distributed in a fine sandy matrix. Woody 
fragments and stumps, partly replaced by pyrite, are common in the lignitic material 
south of Digger Island. Depending upon the movement of the sand on the beach, 
the deposit may be over a foot below the surface (as in January 1950), or lignitic 
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material may protrude through the surface of fine sand (as in February 1948). 
Under the latter conditions the shape of the deposit may be determined at low- 
tide by the area ringed by water seepages. The deposit measures 90 feet by 60 feet. 

The formation is 80 to 100 feet thick in places. However, the thickness is 
variable and there are two inkers of diabase on the coastal plain, north of Bear 
Creek. 

Age of the sediments. The conglomerate is possibly a beach deposit, as it is 
much the same in grain size and composition as the present day beach gravels in 
the gaps in the diabase between locality 1 and Bird Rock, although the gravels are 
more rounded. The situation of the sands and conglomerate on a level platform 
close to the present day shoreline, also suggest that the conglomerate is a beach 
deposit. 

Uplift of 150 to 200 feet of the conglomerate to its present position was probably 
connected with the late Tertiary movements in South Gippsland (Hills, 1934), 
and a Tertiary rather than Quaternary age for the conglomerate is indicated. 

Igneous Rocks 

Diabase 

Included under this title is a group of rocks, most of which were originally 
basic lavas with associated interbedded tuffs and agglomerates. It is possible that 
medium-grained igneous rocks were intrusive into the group. Interbedded sedi¬ 
ments are rare. Some metasomatism has resulted in the formation of chert and 
jasperoid rocks. 

Extrusive rocks. The rocks are dark, green-grey, dense, fine-grained, even- 
textured, and weather to a yellow' clay soil. Minerals grains are rarely distinguish¬ 
able and are not identifiable macroscopically. At most localities, deep etching of 
the surface through weathering, a w r ell developed but irregular joint pattern, and 
shearing have obliterated the structure and texture of the rocks. Therefore the 
individual lava flow's are difficult to distinguish, except where they are in contact 
w r ith tuffs. How'ever, near locality 11, silicification over a thickness of several feet 
has occurred in the diabase and in this zone the original structure of ropy lava 
flows, several inches to a foot thick, is still visible. Structures strongly resembling 
pillow lavas occur on the foreshore near locality 11 and also in the cliff face 
between localities 8 and 9. 

Under the microscope, the lava is seen to be typically a fine-grained equigranular 
rock, composed of granular augite, lath-like, subhedral felspars and interstitial 
serpentine minerals. Usually the augite crystals are less than 0 2 mm. in diameter 
and commonly occur in granular clusters. The felspar laths are 0 2 to 0 3 mm. 
in length, although some sections contain rare, porphyritic, tabular felspar crystals 
up to 1 mm. in length. The felspar usually is cloudy and kaolinized. Where it can 
be identified it is andesine, approaching labradorite. A slightly pleochroic serpen¬ 
tine mineral occurs as poorly defined pseudomorphs after olivine, and also as an 
interstitial and vein mineral. Magnetite is associated with the serpentine. There 
is usually a little calcite, felspar and quartz present in the joint planes. Pyrite and 
leucoxene occur in some sections. 

The rocks show little sign of the low-grade dynamic metamorphism which is 
characteristic for the Heathcote (Skeats, 1908; Singleton, 1949) and Howqua 
areas (Teale, 1919). However, in some sections veins of Iawsonite indicate that 
metamorphism has occurred. 
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Pyroclastic rocks. Tuffs are recognizable in the field as stratified and banded 
rocks, commonly containing pebbles which originally were the constituents of a 
volcanic breccia. The tuffs are usually red-brown, green-grey or grey in colour. 
Tuff beds occur in the outcrops of diabase along Maitland Beach and are usually 
20 to 40 feet thick. The greatest thickness observed was 80 feet. About half a mile 
south of locality 11, a tuff bed, 50 feet thick, is associated with thin red tuff beds 
which are alternately bedded with igneous rocks for 100 feet. 

Although the bedding of the tuffs has been entirely obliterated in some places— 
for instance no stratified rocks are seen in the diabase between Bird Rock and 
locality 1—thin sections from outcrops near the gabbro intrusion near locality 1, 
and from the diabase immediately adjoining the fault boundary at locality 12, 
indicate that these massive, macroscopically structureless rock types were tuffs. 

Thin sections of the tuffs commonly consist of kaolinized felspar, quartz and 
calcite; ferro-magnesian minerals are notably absent. In the groundmass, the 
quartz is in most cases microcrystalline and may occur in aggregates of almost 
pure silica up to 1 mm. in size, but is usually mixed with and subordinate to 
completely kaolinized, minute felspar laths. Microcrystalline calcite occurs in the 
groundmass of some specimens. Calcite up to 0 5 mm. in size also occurs as a 
vein mineral, associated with quartz up to 1 mm. in size, showing strain extinction. 
The tuff at locality 12 consists of microcrystalline clay mineral with crystals 
elongated and oriented in two directions at about 60 degrees. 

A large outcrop of a light-brown rock in the diabase near locality 1 appears in 
thin section, to resemble the siliceous-carbonate rocks described from other areas 
of diabase in Victoria. Microscopically, the rock is similar in composition to the 
other tuffs, but contains a much higher proportion of calcite in the groundmass. 
Veins of calcite are also more common. 

Intrusive rocks. Narrow belts, suggesting dykes, occur in the diabase between 
Bird Rock and locality 1. The rocks are macrocrystalline and appear to be dolerite. 

Metasomatism. Localized veins and pockets of jasper occur along joints and 
fractures and in places large irregular masses have undergone partial replacement 
by silica with introduction of iron oxide. 

A black chert near locality 12 consists of microcrystalline quartz associated 
with pyrite in veins, in a dark, siliceous matrix. The rock has not been completely 
s ilicified and stratification indicates that it was originally either a tuff or a sediment. 

The siliceous-carbonate rocks associated with the diabase are regarded as tuffs 
which have been subjected first to carbonating solutions and subsequently to 
silica-rich solutions, resulting in chcrty patches in a carbonate rock (Skeats, 1908). 

Sediments. Outcrops of shale at locality 8 and limestone lenses at locality 7 
are the only sediments known to occur in the diabase. The limestone, which is 
black, fine-grained, dense, and has been recrystallized, occurs in lenses in the 
diabase near the faulted contact with the Digger Island Formation. The shale is 
yellow-brown and is strongly sheared. Microscopically, the rock consists of iron- 
stained clay minerals elongated in the plane of the bedding. Chalcedonic silica is 
present in veins across the bedding and there was also some selective silicification 
along certain beds. 

Age oj the diabase . It has been established that the age of the Heathcotian 
rocks in Victoria is Middle to Upper Cambrian and older (Skeats, 1908; Teale, 
1919). The diabase at Waratah Bay appears to be on the same major structural 
line as the Howqua belt of diabase, and, having similar lithology, it probably is of 
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the same general age. No fossils were round in the field in the shale at locality 8, 
but sponge spicules were found in a thin section of this rock. This discovery 
indicates that additional material might yield new fossils or allow the proper 
determination of the sponge. 

Gabbro 

Outcrops of gabbro are restricted to the vicinity of the fault between the diabase 
and Digger Island Formation. The extent of the gabbro to the west is not known, 
as it is overlain by Tertiary sediments. 

The gabbro is a medium- to very coarse-grained, equigranular, hypidiomorphic, 
green rock and has been serpentinized. Crystal size is commonly 2 to 5 mm., but 
at some localities on the backshore west of Digger Island it is as large as 40 to 
60 mm. Opal, which probably originated through liberation of silica during the 
decomposition of olivine, is present in joints, and calcite and limonite are common 
vein minerals. 

Thin sections indicate that the gabbro was originally a group of basic plutonic 
rocks, rather than one rock type. Newberry (1877), in a laboratory report on 
specimens from Waratah Bay, records the presence of plagioclase and a uralitized 
diallage, and named the rock gabbro. This name is retained for convenience until 
further work indicates the various rock types present. 

A section of the medium-grained rock contains serpentine, saussuritized felspar 
and calcite. Serpentine occurs as complete pseudomorphs after subhedral ortho¬ 
pyroxene, probably enstatite. The saussuritized felspar shows relict twinning and 
was probably labradorite. Calcite occurs in veins. The coarse-grained gabbro 
consists largely of subhedral saussuritized felspar and interstitial serpentine after 
olivine. Serpentine also occurs in veins. Leucoxene is present in the cleavage 
planes of the pseudomorphic serpentine. The felspar was originally labradorite 
and shows relict lamellar and Carlsbad twinning. 

The intrusion of the gabbro resulted in low-grade thermal metamorphism of 
the diabase and Digger Island Formation. The gabbro has not been sheared and 
it is therefore younger than the fault which provided a passage for the intrusion. 

Structure 

Major Faults 

The Palaeozoic formations exposed along the west coast of Waratah Bay are 
separated by a system of faults with a general northerly trend. Along the shoreline, 
the fault zones have been severely affected by weathering and therefore little 
• information regarding the nature of the faulting can be obtained. 

The Bluff-Point Grinder Fault 

At The Bluff, a faulted contact between the Liptrap Formation and Bell Point 
Limestone has been revealed by the quarrying of limestone. The pug zone is 150 
feet wide and dips steeply to the west. It contains lenticular pebbles of limestone, 
sandstone and mudstone. The Bell Point Limestone, along the eastern face of The 
Bluff, shows calcite veining over a distance of 150 feet to the east of the fault. 
The Liptrap sediments immediately to the west of the pug zone are strongly folded 
and sheared. On the foreshore at The Bluff the pug zone is eroded below the level 
of the shore platform and is covered by sand; the gap between the sediments on 
the foreshore strikes 30 degrees and the sediments on either side 10 degrees. 
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West of Point Grinder, a gap of 160 feet separates the grey-white limestone 
of the Bell Point Limestone from sandstone of the Liptrap Formation. The lime¬ 
stone within BO feet of the contact is sheared and fractured and is extensively 
veined by calcite along the fractures. The dips of the sediments on either side of 
the gap are steeper than elsewhere, and decrease beyond 160 feet. Calcite veining 
in the limestone and local steepening of the dip in both formations is regarded as 
evidence of faulting. In the map (Fig. 3) this fault is shown as the continuation 
of the fault at The Bluff, which involves the same formations. 

Fault between Bell Point Limestone and Diabase 

At Point Grinder, the contact of these formations can be studied in plan on 
the wave-cut platform at low tide over a distance of 1200 feet. The contact is 
regarded as a fault, because a brecciated zone usually 6 to 8 feet in thickness occurs 
between the two formations. The diabase is strongly sheared for more than 100 
leet from the contact, with west dipping shear planes, although the diabase itself 
appears to dip steeply to the east. The limestone at the contact contains slickensided 
calcite along numerous shear planes. The diabase, limestone and brecciated zone 
hr the vicinity of the fault strike at 15 to 20 degrees and dip 55 to 65 degrees to 
the west. The size of the brecciated fragments in the fault zone range from 1 to 

8 cm • 

South of Bird Rock, the contact between the diabase and Bell Point Limestone 
• s tr ansverse to the bedding of the limestone and is therefore faulted. Evidence of 
faulting is substantiated by the partial recrystallization of the limestone and calcite 
veining, and shearing of the diabase. Boulders of diabase along the contact are 
impregnated with limonite. 

Fault between Digger Island Formation and Diabase 

Between localities 6 and 7, a fault zone separates these formations. The gabbro, 
which is exposed at locality 6 and other localities further north, separates the 
diabase from the Digger Island Formation, and was intruded along the fault which 
separates the two formations. The fault zone is nearly vertical, although one 
reading indicated a steep westerly hade. The limestone east of the fault dips 
steeply east. The fault zone, with an intimate mixture of sheared diabase, calcite 
and recrystallized limestone, is 150 feet wide. 

Fault between Digger Island Formation and Bell Point Limestone 

There are no outcrops in the fault zona separating the Digger Island Formation 
and Bell Point Limestone between localities 2 and 3, but the outcrops of the Bell 
Point Limestone adjacent to the fault zone both here and at locality 5 are strongly 
veined with calcite. Close to the fault, the limestone dips steeply to the east, which 
is in contrast to the general westerly dip. This indicates the direction of throw of 
the fault. The limestone is also more folded in the vicinity of the fault than 
elsewhere, and the folds are commonly fractured, the fractures hading steeply to 
the east. 

Age of the Faulting 

The gabbro is younger than the fault between the Digger Island Formation 
and the diabase. The faults in the area are probably of the same age and connected 
with the orogenic movements which folded the rocks in the area. Limonite and 
calcite infilling of joints in the gabbro, with some slickensiding, is probably a 
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result of later small-scale movements. The main movement pre-dated the deposition 
of Tertiary sediments because the scarp between Point Grinder and The Bluff is a 
consequent fault-line scarp and has been partly covered by the Tertiary sediments. 
West of The Bluff, in the vicinity of the fault contact between the Liptrap 
Formation and Bell Point Limestone, a bed of Tertiary pebbles has been displaced 
12 feet by a downward movement on the western side of the fault. The faulting 
is post-Devonian sedimentation and pre-dates both the gabbro and the Tertiary 
sediments, with .slight post-Tertiary movement. 

Structure of Sedimentary Rocks 

Digger Island Formation 

Folding in this formation is restricted to shallow cross-folds which are common 
on Digger Island, making dip and strike readings unreliable. Small-scale faults, 
which range in strike from 340 degrees to 20 degrees and hade steeply in a 
westerly direction, were observed on Digger Island. On the eastern side of the 
island, calcite is associated with horizontal slickensides along the fault planes. 
Fossils are commonly sheared. 

Two sets of joints, almost at right angles, are developed in the outcrops on 
Digger Island. The trends are north-north-west and east-north-east and dips are 
steep to the west and north. Jointing is well developed in the contact metamorphic 
zone with the gabbro. 

Bell Point Limestone 

The main structural trends of this formation are illustrated in Fig. 2. The 
folds are shallow and usually in the nature of asymmetrical flexures, which plunge 
to the north. The folding is more intensive near the major fault separating the 
formation from the Digger Island Formation, but the folds remained shallow and 
relief of compression was affected by small break thrusts of a few feet. 

Jointing is well developed near the faulted contact with the diabase near Bird 
Rock. 

Liptrap Formation 

The sediments of this formation are strongly folded, but the folds have not been 
mapped as this would involve much detailed work. Near Cape Liptrap, the cliff 
sections at the heads of the rocky coves illustrate the complexity of the folding. 
In general, the strike ranges from north to 30 degrees, with dips rarely less than 
60 degrees and frequently approaching 90 degrees. At Point Grinder, the beds 
are vertical or dip steeply west for some distance to the west of the faulted contact 
with the Bell Point Limestone, and easterly dips are rare. 

The beds are sheared and tension gashes filled with quartz have been observed 
associated with quartz veins in the medium- and coarse-grained sandstones. The 
fine-grained sediments are commonly fissured at the apices of folds and in crush 
zones. Dip faults and oblique faults arc common. 

Numerous beds of dark-grey and black mudstone are closely folded, sheared 
and contorted. Incorporated within these beds are thin layers of medium and 
coarse sand, large blocks and balls of sandstone and mudstone, and numerous 
pebbles of well rounded and tabular quartz and slate. The folding was produced 
by subaqueous penecontemporaneous slumping, because the overlying and under¬ 
lying beds conform with the regional structural pattern. 
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Structure of Igneous Rocks 

Diabase 

The structures and textures of the igneous rocks are largely obliterated as a 
result of diastrophic movements. The associated pyroclastic rocks and interbedded 
sediments give the only structural indications. 

Dips are steeply to the west or vertical except for a steep easterly dip of a bed 
of chert at locality 12, and in strongly sheared tuffs near the faulted contact with 
the Bell Point Formation at Point Grinder. Faults have been observed at localities 
9 ? 10 and 11. The formation is strongly but irregularly jointed. Main trends of 
faults and joints are northerly and approximately 100 degrees. 

Gabbro 

The gabbro is massive and, as mentioned before, evidently younger than the 
fault between Digger Island Formation and the diabase. Calcite and limonite veins 
along the numerous joint planes in the weathered gabbro give it a honeycombed 
appearance. The largest of these joints trend northerly and show near-horizontal 
slickensiding of the calcite. 

Conclusion 

The most obvious feature of the structure of the three Palaeozoic sedimentary 
formations at Waratah Bay is that folding has been most intensive in the Liptrap 
Formation and least noticeable in the oldest formation, the Digger Island 
Formation. 

Ferguson has mapped Upper Ordovician fossiliferous slates and sandstones 4^ 
miles north-west of Walkerville, near Ten Mite Creek and at Bald Hill, further 
north. The continuation northwards of this belt of Ordovician has been termed 
the Waratah-Boolara Anticlinorium (Thomas, 1939). The belt of diabase along 
the Waratah Bay coastline has been termed the Waratah Axis. In between these 
structural axes, with Lower Palaeozoic rocks exposed in the cores, is a belt of 
closely folded Devonian sediments with predominating westerly dips between 
Point Grinder and Cape Liptrap. This suggests a synclinal area, five miles across, 
defined by boundary faults against the Waratah Axis so that rocks of Ordovician 
and Silurian age are not exposed on the east side of the synclinal area west of 
the Waratah Axis. Baragwanath (1925) has suggested the possibility of a 
continuation of the Walhalla Synclinorium to the south as far as Cape Liptrap. 

Geomorphology 

Cape Liptrap Peninsula 

The streams draining the eastern side of the peninsula are deeply incised into 
a low scarp between Point Grinder and Walkerville and into a small plain which 
extends from the base of the scarp at about 200 feet above sea level, to the coastline. 
The streams are consequent with steep-sided, straight valleys and little or no 
accumulation of alluvium in the valley floors. The interfluves are wide and there 
is little development of insequent tributaries reducing the width of the interfluves. 
Bear Creek is an example of an engrafted stream. The plain is still in the stage of 
early youth. 

If the distribution of sands, clays and gravels marked Tertiary on Ferguson’s 
plan is correct, and this has been partly verified by examination along the coast 
and in some creek beds on traverses inland, then the plain can be envisaged as a 
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coastal plain, following a late Tertiary emergence of a marine platform, of at least 
150 feet. Torrent gravels, with well rounded quartz pebbles, occur about 140 feet 
above sea level at Bairnsdale. Tertiary sediments occur up to 250 and 270 feet 
above sea level at Fernbank between the Avon and Mitchell Rivers, in the neigh¬ 
bourhood of the Gippsland Lakes (Hart, 1922). The East Gippsland coastline was 
uplifted in post-Lower Pliocene time and is now being modified by submergence, 

Coastline 

Structure and the various rock types influence the configuration of the coastline. 
Between Point Grinder and Cape Liptrap and north of The Bluff the coastline is 
either sub-parallel to or normal to the consistent regional strike of the Liptrap 
Formation (Fig. 3). South of The Bluff the coastline is mainly in the structureless 
diabase, and swings in a south-east direction to Bell Point and then to the 
south-west to Point Grinder. The headlands are composed of sandstone (Cape 
Liptrap) and limestone (Point Grinder, Bell Point, Bird Rock). The sandstone 
cliffs are higher than those of limestone. The diabase shoreline is rocky, with 
frequent gaps a few feet wide forming deep clefts to the backshore or the base of 
the cliffs. Occasional open stretches occur along the shore, but these are not large 
enough to be termed pocket beaches. Landslips occur in the cliff regions of the 
diabase when the cliffs are undercut by wave action on the deep-weathering diabase. 

Wave-cut Platforms 

The influence of rock types and power of wave action in the formation of 
wave-cut platforms is well exhibited. The grey-white limestone of the Bell Point 
Limestone at Point Grinder, Mushroom Rock and Bird Rock has a well developed 
and level platform, truncating beds which dip from 65 degrees to 25 degrees and 
strike in varying directions. Wave-cut notches at the base of the cliffs are 
also well developed. On the exposed sides of Point Grinder (south-west) 
and Mushroom Rock (east) the platform is narrow. On the eastern side of 
Point Grinder, which is sheltered from the heavy seas and south-westerly gales 
of Bass Strait, the wave-cut platform extends from the limestone cliffs to the 
faulted contact with the diabase. Platform^ on the grey limestone of the Bell Point 
Limestone are poorly developed, although structural conditions are similar to those 
of the grey-white limestone. The platforms are narrower, have an uneven surface, 
and merge with the cliffs and stacks at high water level without the development 
of wave-cut notches. 

An extensive platform is formed on the sediments of the Liptrap Formation 
at the head of the broad bay between Point Grinder and Cape Liptrap, where 
the shoreline is normal to the consistent strike of steeply or vertically dipping 
sediments. The platform has a peculiar appearance at low tide, as selective erosion 
of alternately bedded shale and sandstone has given the appearance of a coarsely 
ploughed field. Near Cape Liptrap, where the shoreline is parallel to the strike, 
the wave-cut platform is absent or poorly developed as selective erosion of the 
sediments has left the massive sandstone beds protruding as bars and rocks. 

The surface of outcrops of diabase is very uneven along the shoreline. Selective 
erosion along ash beds, shear zones and irregularly spaced joints has prevented 
the formation of a platform, but there is a general upper surface, which is capped 
only rarely by a harder mass of diabase, shelving gradually seawards. 

There is no wave-cut platform on sediments of the Digger Island Formation. 
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Storm Beach 

A storm beach occurs at the head of the broad bay between Point Grinder and 
Cape Liptrap. The beach consists of well rounded cobbles and pebbles and is 
8 to 10 feet above high water level. It is being overgrown by vegetation on the 
landward side. Thick-shelled molluscs, usually Haliotis, casing wood and other 
flotsam from passing ships lie on the beach platform. The shells, corroded and 
stained on the head of the beach, are much fresher and cleaner near the seaward 
edge of the beach. This affords evidence that the beach is still enlarging, although 
calm seas attack the base of the beach deposit, which has a steep seaward profile, 
approaching the angle of rest of the pebbles. 

Sub-aerial Weathering 

The occurrence of water-level or water-layer weathering (Bartrum and Turner, 
1928; Hills, 1949) was observed on the diabase. Sub-aerial weathering has 
produced shallow pools on the diabase between Bird Rock and locality 1. The 
pools are at about high water level and several feet above—within the range of 
spray. The pools, with typical horizontal water-layered surfaces, usually originated 
in the joint planes of the diabase. These pools have not been observed on outcrops 
of the other formations. 

Extensive etching of the limestones of the Bell Point Limestone and the Digger 
Island Formation, where they are subjected to the action of spray above high 
water level, has resulted in a karren surface. This is particularly noticeable at 
Bell Point, the rocks of dark-stained limestone off locality 7 and at Point Grinder. 
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MESOZOIC AND TERTIARY SEDIMENTS FROM THE 
WAHGI VALLEY, NEW GUINEA 

By A. B. Edwards, D.Sc., Ph.D., D.I.C., 1 
and M. F. Glaessner, Ph.D., D.Sc. 2 

[Read 13 December 1951] 


Introduction 

The object of this paper is to present the results of a petrological study of the 
thick series of Mesozoic and Tertiary sediments exposed in the Lower Wahgi 
Valley, in the Chimbu-Hagen region of New Guinea (Fig. 1), and to discuss these 
results in relation to the available stratigraphic, palaeontological and regional data 
on the Chimbu Mesozoic section, which provides a useful standard for a sedimentary 
series of considerable geological interest. 

The work derives from a detailed geological survey traverse of the Lower 
Chimbu and Lower Wahgi Valleys, in the Central Highlands of New Guinea, 
made in 1939 by Mr. L. C. Noakes, who was then Assistant Geologist of the 
Territory of New Guinea. This area had not been examined previously in detail. 
Dr. N. H. Fisher had visited the Wahgi Valley in his capacity of Government 
Geologist, and had collected some fossils, which were described by Miss I. Crespin 
(1938). Dr. K. Washington Gray visited the area early in 1939 and collected 
fossils and fossiliferous rock specimens, which were examined by Dr. F. W. 
Whitehouse and one of the writers (M.F.G.). 

A report by Noakes (1939) was distributed in mimeographed form by the 
Territory of New Guinea authority, but has not yet appeared in print. Miss 
Crespin examined palaeontologically a series of rock specimens collected by Noakes, 
and a duplicate set was studied by one of us (M.F.G.) in 1940. Some results of 
this investigation are included in a publication on Mesozoic fossils from New 
Guinea (Glaessner, 1945). This duplicate set of specimens was lost in New 
Guinea during the war, except for a few Jurassic mollusca described in the 1945 
publication. 

A petrological examination of a suite of representative samples from Noakes' 
collection, which is preserved in the collections of the Commonwealth Bureau of 
Mineral Resources at Canberra, was made by one of us (A.B.E.) in 1949, and 
issued as a mimeographed report of the Commonwealth Scientific and Industrial 
Research Organization (Edwards, 1949). This, in a revised form, is the basis of 
the present study, and is published by permission of the C.S.I.R.O. 

1. Mineragraphic Section, C.S.I.R.O. 

2. University of Adelaide. 
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Stratigraphy of the Wahgi-Chimbu Section 

The total thickness of sediments exposed along the Lower Chimbu and Lower 
Wahgi Valleys is about 22,500 feet (Noakes, 1939). The topmost formation is 
the Lower Tertiary Chimbu Limestone, about 600 feet thick. The beds strike 
east-south-east, and dip in a northerly direction throughout, the angle of dip 
decreasing from about 45° near the Chimbu Limestone, to less than 20° near the 
base of the series. Noakes reports that shales and mudstones greatly predominate 



in the section, but that beds of fine-grained sandstone, some of them tuffaceous, 
are well distributed over the section (Fig. 2), and usually show a gradual transition 
to the finer sediments. Occasional grit and pebble beds mark coarser phases of the 
sandstones, and two horizons of conglomerate, with a total thickness of about 100 
feet, were mapped. One horizon of water-sorted volcanic agglomerate was noted. 

Apart from the Chimbu Limestone at the top of the section, limestones are 
restricted to four thin beds in the upper 10,000 feet of the section. In the lower 
12,500 feet there is only a little impure limestone or calcareous slate near the base 
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of the series. There are also occasional bands of chert. Near the base of the 
series, also, there is an intrusive sill of fine-grained diorite, between 100 and 200 
feet thick; and elsewhere there are small dykes and lenticular bodies of granodiorite 
intrusive into the sediments. 


Table 1 

Classification of Specimens from the lYahgi-Chimbu Section 


Specimen 

No. 

Field No. 
(Noakes’ 
Report). 

Depth in feet 
of horizon 
below top of 

Chimbu limestone. 

9014 

6 

1,530 

9016 

86 

2,470 

9017 

85 

2,650 

9018 

84 

2,840 

9020 

8 

3,480 

9021 

9 

3,850 

9022 

82 

4,010 

9024 

11 

4,290 

9026 

12 

4,920 

9027 

13 

5,540 

9034 

19 

8,110 

9037 

21 

9,860 

9039 

23 

10,510 

9043 

27 

11,120 

9046 

30 

11,580 

9047 

31 

11,850 

9048 

32 

12,080 

9051 

35 

12,730 

9053 

36a 

13,115 

9056 

36d 

13,385 

9057 

37 

14,080 

9060 

40 

14,670 

9062 

42 

15,240 

9063 

43 

15,530 

9065 

45 

16,080 

9068 

48 

16,820 

9070 

50 

17,075 

9071 

51 

17,510 

9073 

53 

18,180 

9074 

54 

18,810 

9077 

57 

19,540 

9078 

58 

20,280 

9079 

59 

21,140 

9087 

78 

Kubor Range, 
5,500 ft. elev. 

9093 

91 

Chimbu River, 

2J miles above 
Gorgme Base 
Camp. 

9094 

92 

Chimbu River, 
li miles below 
Gemboge Mission. 


Description. 


Sandy tuff. 

Tuff. 

Foraminiferal limestone. 

Sandy tuff. 

Tuffaceous mudstone or tuff (puckered). 
Tuffaceous mudstone or tuff. 

Fine-grained sandy tuff. 

Zeolitic tuff. 

Coarse zeolitic tuff, with chloritic ovoids. 
Tuffaceous mudstone. 

Fine-grained greywacke. 

Mudstone. 

Fine-grained greywacke. 

Greywacke. 

Coarse greywacke or grit. 

Greywacke grading into sandy tuff, or 
sandy tuff. 

Greywacke grading into sandy tuff, or 
sandy tuff. 

Sandy tuff, zeolitic. 

Sandy tuff, zeolitic. 

Sandy tuff, zeolitic. 

Sandy tuff, zeolitici (with ?slump 
structures). 

Tuffaceous mudstone or tuff. 

Tuffaceous mudstone or tuff. 

Sandy tuff. 

Tuffaceous mudstone. 

Greywacke. 

Coarse tuff, or fine agglomerate. 

Coarse tuff, or fine agglomerate. 

Chert (radiolarian). 

Chert (radiolarian). 

Shaly limestone, or red calcareous shale. 
Calcareous shale or fine greywacke. 
Calcareous shale or fine greywacke. 
Calcareous shale with shells or shaly 
limestone. 

Ferruginous shale. 


Sandy shale. 
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The lithological variations in the section are slight, but Noakes tentatively 
subdivided the series into five stages: 

(1) Stage 1, the basal stage, comprising 4,500 feet of slates and shales. 

(2) Stage 2, comprising 6,200 feet, of which about half is sandstone or sandy 

shale. 

(3) Stage 3, comprising 6,500 feet of shales and sandstones, with a minor 

limestone horizon in the upper half, and representing a passage from 
Upper Cretaceous to Eocene. 

(4) Stage 4, commencing with grit and pebble beds, and consisting of 4,000 

feet of shales and fine sandstones, with some beds of limestone. 

(5) Stage 5, about 1,100 feet thick, beginning with a bed of conglomerate, and 

comprising fine sediments and the Chimbu Limestone, here about 600 
feet thick. 


Table 2 


Stratigraphic Subdivisions of the Wahgi-Chimbu Section 


Noakes Stages 

New Names 

Lithology 

Approximate 

Thickness 

(ft.) 

Age 

5 

Chimbu Lime¬ 
stones. 

Foraminiferal limestones. 

600- 

Lower Oligocene 
to Upper Eocene. 

4 

Chimbu Tuffs. 

Tuffs and tuffaceous mud¬ 
stones with foraminiferal 
limestone bands and lenses. 

5,700 

Eocene 
(and Upper 
Cretaceous ? ). 

3 

Maram Shales. 

Shales and mudstones with 
subordinate fine greywackes. 

5,200 

Cenomanian. 

2 

Kondaku Tuffs. 

Tuffs, tuffaceous mudstones 
and greywackes. 

6,100 

Lower Cretaceous. 

1 

Maril Shales. 

Siliceous and calcareous 
shales. 

4,500 

Upper Jurassic. 


Individual sandstone horizons, as shown in his lithological column, range from 
200 to 800 feet thick. The suite of specimens studied petrologically represents 
Noakes' Stages 1 to 4, but not his Stage 5. The positions of the specimens in the 
lithological column are shown in Table 1. The numbers, 9014 to 9079, refer to 
the registered numbers of the specimens in the collection of the Bureau of Mineral 
Resources (Canberra). 

Noakes’ field divisions of this thick series of conformable sediments was based 
chiefly on his interpretation of a few coarser beds as indicators of minor diastrophic 
movements. The petrological investigation had led to a different view of the 
nature of these sediments, and makes it possible to re-define the stratigraphic 
divisions on the basis of changes in the constitution of the rocks. This involves 
shifting the boundaries between Noakes’ tentative Stages 3, 4 and 5 to horizons 
of lithological change. Taking into consideration the lithological characters of the 
rocks, and the results of palaeontological studies, as described herein, and following 
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the new Code of Stratigraphic Nomenclature (Raggatt, 1950), we have named 
and tabulated Noakes’ field stratigraphic subdivisions as shown in Table 2. The 
names of native villages and a stream (Maril), in the vicinity of the outcrops, 
were selected from unpublished maps in consultation with Mr. Noakes. Some 
further adjustments of the boundaries may become necessary when gaps in sampling 
are filled and the uncertain positions of some samples, particularly the positions of 
limestone bands and lenses in the upper part of the section, are rendered more 
precise. 

Summary of Palaeontological Observations 

Studies of the various collections of fossils made from the area have revealed 
that the sediments range in age from Upper Jurassic to Lower Oligocene. 

Upper Jurassic 

Numerous well-preserved specimens of the mollusc Buchia malayomaorica 
(Krumbeck) were found in a dark red shale about 2,700 feet above the base of 
the Wahgi-Chimbu section (Glaessner, 1945, p. 154, PI. 6, Fig. 7). This species 
is known from many localities in the area between Celebes and New Zealand. In 
the eastern part of the Sunda Archipelago its age was determined as Oxfordian 
(Upper Jurassic). It is commonly accompanied by Belemnopsis gerardi (Oppel), 
but this species has not yet been found in the Wahgi Valley. Only fragmentary 
Inoceramus and other bivalves occur here with Buchia. Abundant radiolaria and 
sponge spicules were recorded by Miss Crespin from the upper 1,300 feet of the 
Maril Shales. 

Lower Cretaceous 

Most of the samples from the second division, the Kondaku Tuffs, are unfos- 
siliferous. Miss Crespin recorded occasional radiolaria from the lower 2,500 feet 
of these beds. Worm burrowings were observed in a sample from the middle of 
this sequence, and occasional Globigerina and radiolaria are also recorded. The 
upper 1,500 feet of strata contain fragments of Ostrea sp., Pscudavicula sp., and 
plant remains, which occur in some abundance. These fossils support the correlation 
with the Purari Formation. 

Recently a number of fossils collected by natives from near Masul, a village 
about three miles east-south-east of Chimbu air strip, were presented to a geological 
survey party led by Mr. G. A. V. Stanley. These fossils included eight specimens 
of a large Deshayesites n.sp., four specimens of Cymatoccras sp ., a fragment of a 
large belemnite phragmocone resembling ‘Belemnites sellheimi Tenison-Woods, 
and nineteen specimens of Plcuromya n.sp., which are specifically identical with the 
‘Panopaca or ' Plcuromya / described by Erni (1944) from the area of the Gende 
tribe, near Bundi on the north-east slope of the Bismarck Mountains. These 
fossils are definitely Lower Cretaceous, the Deshayesites indicating Lower Aptian 
age. Two Cenomanian ammonites were obtained in the same manner from the 
same general locality (see below). 

In the course of a geological traverse on behalf of Island Exploration Company, 
Mr. Stanley found other Lower Cretaceous fossils about eleven miles south-east 
of Chimbu (in the direction of the regional strike). These include a Pitsosia sp., 
about 16 inches in diameter, a large Cymatoccras sp., and several specimens of 
Aucellina gryphaeoides hughendenensis (Etheridge). The fossils were found in 
some of the abundant calcareous nodules in shales which contain a large fauna of 
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smaller foraminifera. This fauna will be described elsewhere. The AuceUina, which 
is a characteristic fossil of the Tambo formation of the great Artesian Basin of 
Australia, and some of the foraminifera, such as the distinctive Pleurostomella 
reussi Berthelin, indicate Albian age. These collections were taken from con¬ 
cretions in tuffaceous mudstones. They support the placing of at least part of 
the Kondaku Tuffs in the Aptian and Albian. 

Upper Cretaceous 

According to Noakes (1939), the Mingenda ammonite horizon corresponds to 
the lower part of his Stage 3. The ammonite locality at Mingenda airstrip and 
Korigu village has yielded Enomphaloceras hoeltkeri (Erni), described as 'Cun¬ 
ning tonic eras by Erni (1944), occurring commonly together with Pusosia sp., 
Turrilites cf. scheuchzerianus Bose, and lnoceramus sp., which were identified by 
F. W. YVhitehouse. and a few foraminifera, including Textularia cf. washitensis 
Carsey. This is a Cenomanian fauna. Noakes’ samples from the Chimbu section 
contained only a few foraminifera, including the same Textularia. Two ammonites 
collected by natives, together with the Aptian fauna, apparently as stream pebbles 
in a short south-east tributary of the Chimbu Valley, are a Mantelliceras sp. and 
a fragment of a whorl of Turrilites cf. acutiis Passy, a well-known Cenomanian 
form. 

Eocene 

From a limestone shown on his map as a lens 1,000 feet long and 150 feet 
wide, Noakes obtained a sample containing Eocene Nummulites. He believed this 
to be identical with the rock from which Fisher had collected a sample with 
Lacazina, Biplanispira, Pellatispira, and other Eocene foraminifera (Crespin, 
1938). Noakes concluded that his Stage 3 represented a record of uninterrupted 
sedimentation from Upper Cretaceous into Lower Tertiary time. This now appears 
questionable. 

The distinctive faunas so far found are as low in the Upper Cretaceous as 
Cenomanian, and as high in the Tertiary as Middle or Upper Eocene (probably 
Late Eocene), without any representatives of Turonian, Senonian, Danian, Paleo- 
cene or Lower Eocene. There is also some uncertainty as to whether the limestone 
lens from which the sample was taken was in situ. 

There is, however, a lithological difference between the samples examined from 
beds below and above this limestone. The samples from about 1,750 to 5,200 feet 
below the limestone are greywackes and mudstones, while the samples from 800 
to 4,800 feet above it are tuffs and tuffaceous mudstones, containing in the upper 
1,000 feet of this section further limestone bands with Upper Eocene, and possibly 
Lower Oligocene, foraminifera. A formation boundary is drawn tentatively at the 
approximate horizon of this change between the Maram Shales below and the 
Chimbu Tuffs above. If the lowest limestone ‘lens’ recorded by Noakes was 
not in situ, then the Chimbu Tuffs could still contain a record of uninterrupted 
sedimentation from the Uppermost Cretaceous (Upper Senonian), which is well 
represented in the Central Highlands, to Eocene, but otherwise they must be 
entirely Eocene. A representation of the entire sequence from Cenomanian to 
Eocene in the 5,200 feet of uniform Maram Shales and fine greywackes is considered 
unlikely. Fossils found in this part of the section are poor, and further collections 
are desirable. 
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Stratigraphic Correlation 

A tentative correlation (Glaessner, 1945, Table 1) of the lower 17,200 feet of 
the Wahgi-Chimbu section placed the first stage, here called Maril Shales, in the 
Upper Jurassic. The Jurassic extends westward from the Wahgi-Chimbu section 
to the international border, and into Netherlands New Guinea, where similar 
faunas have been recorded from a number of localities. It has not been observed 
east of Chimbu. 

The gap which appeared to exist regionally between Upper Jurassic and the 
lowest fossiliferous horizon in the Lower Cretaceous has been reduced by the 
discovery, about 75 miles south of Chimbu, in Papua, of a fauna with Neocomites 
and Streblites, apparently of basal Cretaceous age. This will be described by Dr. 
L. F. Spath. The siliceous beds at the top of the Maril Shales, or the basal part 
of the Kondaku Tuffs, may represent the basal Cretaceous. 

The Kondaku Tuffs can be correlated with the Purari Formation. Fossils of 
Aptian or Albian affinities were found in the upper part of the Purari Formation 
(Glaessner, 1945), but its base was not exposed at the type locality (Carey, 1945). 
In view of the conformable sequence in the Wahgi-Chimbu section, the entire 
Lower Cretaceous could well be represented here, but unfortunately most of it is 
unfossiliferous, although the occurrence of Aptian and Albian was confirmed by 
the discoveries of fossils within a few miles of the section, leaving no doubt of the 
existence of a conformable sequence from the Lower Cretaceous tuffs to the 
Cenomanian shales, with an unbroken transition from Albian to Cenomanian. Rich 
faunas of Albian and Cenomanian smaller foraminifera have been found at various 
localities in the Wahgi Valley and in western Papua, so that further detailed work 
may make it possible to study such faunas from a single section. The foraminiferal 
assemblages are similar to those recorded in recent years from the southern Alps. 
North Africa, and Texas, where detailed zoning has been carried out, so that it 
will then be possible to give a more exact date for the change from tuffs to 
greywackes, which takes place in the vicinity of the Albian-Cenomanian boundary. 

The lower part of the Chimbu Tuffs cannot be dated palaeontologically, as yet. 
and has not been recognized elsewhere; and there is as yet no palaeontological 
evidence of the occurrence in the Wahgi-Chimbu section of the Upper Senonian, 
which is widely distributed throughout New Guinea. 

The Tertiary begins generally with Middle or Upper Eocene limestones, com¬ 
monly containing Lacazina, Pcllatispira, or Biplanispira, and resting on Cretaceous 
or on pre-Mesozoic basement rocks. In the Wahgi-Chimbu section these limestones 
seem to grade up into Lower Oligocene, and to lens out downward, and possibly 
westwards (Noakes, 1939), into tuffaceous sediments. 

Petrology 

The specimens studied petrologically include sandstones, mudstones, shales, 
cherts and limestones, with mudstones and sandstones prevailing. The sandstone 
members of the Wahgi series tend to be fine-grained, and are all more or less 
tuffaceous. They range between two extremes — quartz-rich greywackes and 
andesitic tuffs, with a number of the specimens predominantly tuffaceous, but 
showing an intermingling of source materials. The mudstones grade into the 
sandstones as regards grain size, and are composed of generally similar materials. 
A number of the specimens are more or less weathered, and the unweathered 
specimens are too well cemented for reliable sizing analyses to be made. 
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Greywackes 

The greywackes arc represented by specimens Nos. 9043 and 9068, a coarse 
greywacke or grit, No. 9046, and sandy mudstones, Nos. 9034 and 9039. They 
occur, therefore, in both the Upper and Lower Cretaceous (Table 1), with 9043 
more or less marking the divisions between the two periods. 

Specimen No. 9043 consists of grains of quartz, felspar, biotite, muscovite, 
chlorite, glauconite, and leucoxene, together with numerous fragments of fine¬ 
grained andesite, phyllite, shale, quartzite, and chert, in an abundant cement of 
carbonate, that appears to have replaced much of the original fine matrix and parts 
of the grains and rock fragments. The average size of the grains and fragments 
is about 0 25 min., but the rocks are ill-sorted, and occasional grains, and par¬ 
ticularly the fragments of shale, are up to 1 mm. long. 

Quartz is the most abundant of the mineral grains. It occurs as fragments up 
to 0 5 mm. by 0 5 mm., with a tendency to be equidimensional. Some grains are 
well rounded, or partly rounded, with overgrowths of quartz, but the majority 
were angular before the development of the overgrowths (PI. Ill, fig. 1). Others 
show partial replacement by the carbonate cement. 

The felspar includes both orthoclase and plagioclase, but tends to be extensively 
replaced by the carbonate cement, so that it is difficult to assess their original 
proportions. Plagioclase is now the more abundant, occurring chiefly as stumpy 
prisms or laths, up to 0 3 mm. by 0 2 mm., or as fragments of such crystals. 
It shows broad lamellar twinning, with an extinction angle of about 10°, so that 
it is presumed to be oligoclase. 

The biotite is a brown variety, though some flakes are pleochroic from green 
to brown. Some flakes have a weathered appearance. They are about 0 5 mm. 
by 0 1 mm., and tend to lie parallel to the bedding. Commonly they are bent 
through having been ‘nipped’ between other grains during compaction. In places 
the biotite is largely or completely altered to chlorite. The muscovite occurs as 
occasional flakes, less abundant than the biotite, but occurring in much the same 
way. 

Glauconite is a minor but conspicuous component, occurring as well-rounded 
grains about 02 mm. by 0 1 mm. The majority are a bright green, with a typical 
cryptocrystalline appearance, in low colours, under crossed nicols. Some grains 
appear somewhat oxidized. 

Brown tourmaline is present as occasional rounded grains, up to 0 2 mm. 
across, and there are occasional grains of zircon visible in thin sections. In addition 
there are grains of leucoxene, more or less rounded. 

Of the abundant rock fragments, andesite, shale and phyllite are the chief 
components. The andesites are fine-grained varieties, with numerous microlites 
of plagioclase laths showing straight extinction, and commonly with parallel align¬ 
ment, in a colourless to greenish glassy base. Occasional fragments are porphyritic, 
with microphenocrysts of sodic plagioclase. A few are studded with chlorite, 
presumably an alteration product of original finely divided femic minerals. The 
majority of the andesite fragments are equidimensional and well rounded. Frag¬ 
ments as large as 0 5 by 0 5 mm. occur, but 0 2 mm. by 0 2 mm. is a more 
common size. A few fragments are angular or sub-angular. 

The phyllite and shale fragments, by contrast, are mainly anisodimensional. 
Coarse fragments are 10 min. by 0 25 mm., but most are smaller than 0 5 mm. 
by 0 2 mm. The elongation is always parallel to the bedding or cleavage of the 
fragment. The majority of the shale and phyllite fragments are well rounded (PI. 
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III, fig. 2). Some are carbonaceous, with films of carbonaceous material as a cement 
between the grains, and extending parallel to the bedding. The phyllite fragments 
contain an abundance of fine-grained biotite, in some instances chloritized. 

The quartzite and chert fragments are generally smaller than the shale frag¬ 
ments, and are more nearly equidimensional, averaging about 0 2 mm. by 0 2 mm. 
Some are rounded, but as many are angular. The predominantly rounded form 
of the rock fragments is in marked contrast to the angular shape of the mineral 
grains. This arises, presumably, from the softer and more friable nature of many 
of the rock fragments as compared with the mineral grains. It indicates transport 
for the rock components as a whole. 

Specimen No. 9068 (PI. Ill, fig. 3) is generally similar to No. 9043, but 
contains in addition to the minerals listed above a number of grains of yellow 
epidote, of angular shape, and apparently authigenic. It contains more quartz than 
No. 9043, and fewer rock fragments, especially andesite. 

Specimen No. 9046 is a coarse greywacke or grit. It is a grey rock spotted 
with fragments of andesite and black slate from 2 mm. to 5 mm. across. Some of 
the andesite fragments are deeply weathered, and a limonitic brown colour. The 
rock is severely carbonated, with seanis of calcite in the joints. In thin section it 
appears as a coarser variation of No. 9043. The quartzite fragments are generally 
rounded, and vary somewhat in size. Some are composed of individual grains up 
to 0 2 mm. across, others are microcrystalline. The phyllite fragments are well 
rounded, but notably elongated, and tend to contain much carbonaceous matter. 
Andesitic fragments are more numerous than sedimentary fragments, and tend to 
be equidimensional and rounded or angular. One fragment showed partial replace¬ 
ment by glauconite. 

Specimens Nos. 9034 and 9039 consist of extremely fine-grained greywacke, 
or coarse mudstone. In thin section they are of similar composition to No. 9043, 
the glauconite grains in particular being conspicuous. 

Heavy Minerals 

The heavy minerals of Nos, 9043 and 9068 were separated in acetylene tetra- 
bromide of Sp.Gr. 2 90 from samples crushed to pass an 0 5 mm. aperture. Both 
specimens yielded relatively small heavy fractions, but these contain a variety of 
minerals, many of them water-worn, and some very perfectly rounded. The 
minerals present are topaz, tourmaline, zircon, apatite, biotite, rutile, garnet, 
glauconite, pyroxene, leucoxene, iron ores, epidote, carbonate and sulphides. The 
grain size of these mineral grains ranges from 0 02 mm. to 0TO mm. diameter. 

The topaz occurs as well rounded grains about 0 05 mm. to 010 mm. across, 
generally with a finely pitted surface. Some grains appear almost circular in 
cross-section, but others are rounded prisms. Grains with low polarization colours 
yield a positive biaxial figure, with 2V about 45°, which distinguishes them from 
similar grains of apatite. 

The apatite, which is abundant, occurs partly as well rounded, pitted grains 
about 0 05 mm. diameter, and partly as small prismatic crystals from 0 02 to 
0 05 mm. long. Many of these show no sign of water wear, and a few have dark 
to opaque cores. The small crystals may be derived from the biotite flakes of the 
rocks, being liberated during crushing. 

The tourmaline occurs partly as well rounded grains, partly as prisms, which 
generally have their angles rounded. Three distinct varieties are present, one 
which is pleochroic from golden-brown to colourless, one which is pleochroic from 
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smoky brown to grey-brown, and one which is pleochroic from deep to pale blue 
(indicolite). The blue variety occurs as well rounded grains, but the golden-brown 
and smoky varieties occur both as prisms and as well rounded grains. 

Zircons are numerous. They are colourless, and mostly small, ranging from 
0 02 to 0 05 mm. across. A few grains have a double-ended prismatic form, but 
squat pyramidal forms predominate. A few grains show perfect crystal shape, but 
most have their angles well rounded, and some are almost spherical. 

The garnet includes colourless, brown, and pink varieties, some of the grains 
being clearly fragments of larger waterworn grains fractured during crushing. 
Others are sub-rounded or rounded small grains. 

Biotite is an abundant constituent, particularly in No. 9043. It ranges from 
fresh brown biotite to pale greyish or greenish chloritized flakes. Glauconite is 
relatively abundant, more so in No. 9043 than in No. 9068. Rutile, on the contrary, 
appears more abundant in No. 9068. It occurs mostly as angular fragments broken 
from occasional larger grains. The leucoxene is abundant, generally as waterworn 
grains, and occasional grains of waterworn magnetite are also present. 

Pyroxene occurs as a number of grains of colourless or green augite, all as 
angular fragments. Carbonate is present as numerous angular fragments broken 
from the cement, and there are occasional angular fragments of yellow epidote. A 
few particles of sulphide (pyrite or marcasite) occurred in No. 9068. 

Table 3 

Chemical Analyses of Some Wahgi-Chimbu Sediments 



Wahgi-Chimbu Sediments 

Greywacke Zeolitic Tuff 
(9068) (9024) 

Purari 

Greywacke 

(U.P. 125) 

Aure 

Greywacke 

(U.K. 1042) 



1 

2 

3 

4 

4a 

SiOs 

72-83 

50-16 

65-18 

53-30 

57-72 

AbOa • 

10-92 

19 63 

13-85 

18-33 

19 85 

FeaOa 

0-13 

2-59 

1 30 

2 41 

2 61 

FeO 

4-88 

215 

5-43 

2-36 

2-55 

MgO 

1-09 

1 96 

1 87 

2-62 

2-85 

CaO 

2-06 

8 31 

0-72 

5-88 

5-39 

NasO 

1-20 

. 0-20 

1 48 

2 18 

2-36 

K 2 O 

1 36 

1-56 

1-60 

1 72 

1 86 

H 2 O + no° C. 

2-03 

9-22 

3-94 

3-14 

3 40 

h 2 o - 110 ° c. 

0-65 

2-57 

2 10 

5-74 

— 

COS 

1-00 

tr. 

tr. 

1 00 

— 

TiOa 

0-72 

0-90 

0-90 

0-84 

0 91 

P 2 On 

0-35 

0-38 

0-38 

0-28 

0-30 

MnO 

0-03 

0-06 

0-22 

0-08 

0-09 

Cl 

0-03 

0-05 

0 16 

0-03 

003 

so* 

0 46 

0-09 

0-90 

0-08 

0 09 


99 74 

99-84 

100-08 

99.99 



1. Greywacke, No. 9068, from a horizon in the Kondaku Tuffs, 16,820 feet below the top 
of the Chimbu Limestone, Lower Wahgi River, New Guinea (Lower Cretaceous). 

2. Zeolitic Tuff, No. 9024, from a horizon in the Chimbu Tuffs, 4,290 feet below the top of 
the Chimbu Limestone, Lower Wahgi River, New Guinea (Eocene). 

3. Purari Greywacke (U.P. 125), (Edwards, 1950, Proc. Roy. Soc. Vic., 60: 169). 

4. Aure Greywacke (UK. 1042), (Edwards, 1950, Proc. Roy. Soc. Vic., 60: 139). 

4a. Analysis 4 recalculated free of CaCOs and H 2 0 — 105° C. 

Analyst: Messrs. Avery & Anderson (Melbourne), 
c 
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Chemical Analysis 

A chemical analysis was made of Specimen No. 9068, which was selected on 
account of its freshness and relative freedom from carbonate cement. The analysis 
(Table 3, Analysis No. 1) provides further evidence of the 'mixed’ or argillaceous 
character of the rock, in the presence of nearly 11 per cent of AI2O3, 2 5 per cent 
of alkalis, and 6 per cent of FeO and MgO. 

The analysis shows the rock to be rather more siliceous than the typical Lower 
Cretaceous Purari greywacke (Table 3, Analysis No. 3) described by Edwards 
(1950), but similar to it in other respects. Of the greywackes in the Wahgi 
collection, it is the one that contains the highest proportion of quartz grains, and 
shows least intermingling of source materials, so that it may be expected that the 
other greywacke specimens approach more closely to the composition of the 
Purari greywacke. 

The difference in composition between the greywacke and the zeolitic tuff 
(Table 3, Analysis No. 2) is so evident as not to require comment. 


Andesite Tuffs 

Marine tuffs, containing foraminifera, predominate among the sandy specimens. 
Coarse Tuff or Fine Agglomerate 

Three specimens, Nos. 9026, 9070 and 9071, are coarsely fragmental rocks, 
with individual fragments up to 1 cm. across. No. 9071, the freshest specimen, is 
a greenish-grey rock, consisting essentially of crystals of plagioclase and pyroxene, 
together with numerous fragments of andesite, set in a matrix of minute fragments 
of pyroxene, felspar, andesite and clay. It contains, in addition, occasional flakes 
of biotite and a little chlorite, but there is no quartz and no glauconite. 

The plagioclase grains are crystals or fragments of crystals up to 1 mm. across, 
and from their zoning and twinning, and extinction angles, appear to consist of 
cores of andesine with outer zones of oligoclase, or else of oligoclase throughout. 
They can be matched with some of the felspar phenocrysts of the andesite frag¬ 
ments. The felspar is fresh, but in places is partly replaced by calcite. 

The pyroxene grains are as large as 2 mm. by 1*5 mm., though most are 
smaller. They are quite fresh, and some are idiomorphic crystals, though angular 
fragments predominate. Augite is thq most common species, and includes a colour¬ 
less variety and a greenish variety. Hypersthene is present as an occasional grain, 
pleochroic from pale green to brownish. Similar pyroxenes occur as phenocrysts 
in some of the andesite fragments, so that there can be no doubt as to the source 
of the free grains. The biotite occurs as small flakes, pleochroic from straw-yellow 
to green, and in places twisted or flexed. 

The numerous andesite fragments range in size from 0 2 mm. to 10 mm. 
across. They are angular and roughly equidimensional, and though replaced in 
part by calcite and chlorite, have a uniformly fresh appearance, indicating that 
there was no differential weathering of the fragments prior to deposition. The 
fragments vary considerably in texture, but not greatly as regards mineral com¬ 
position. The larger fragments consist of phenocrysts of oligoclase about 0 2 to 
0 5 mm. long, together with pyroxene phenocrysts of similar size, and chlorite 
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pseudomorphs after (?) hornblende, in a fine-grained groundmass of oligoclase 
laths, small prisms and granules of pyroxene, and more or less devitrified brownish- 
green glass. Patches of calcite occur in some, partly replacing felspar phenocrysts, 
and some of the chlorite appears to be encrusting vesicles. 

Other fragments contain corroded microphenocrysts of oligoclase, somewhat 
replaced by carbonate, in pilotaxitic or hyalopilitic groundmasses. Phenocrysts of 
fresh pyroxene are present in some of these fragments, in others only chlorite 
pseudomorphs occur. Other fragments consist of similar phenocrysts in a devitrified 
glassy base, and some fragments consist of groundmass only. 

There are no fragments of sedimentary rocks. 

Specimen No, 9070 is generally similar to No. 9071, but is severely weathered. 
It consists essentially of altered grains of plagioclase and pyroxene, and fragments 
of igneous rocks, in a fine matrix of similar material. The igneous rock fragments 
consist in part of fine-grained andesite, some with and some without phenocrysts 
of plagioclase and pyroxene, and in part of clots of altered, intergrown augite and 
enstatite crystals. The largest augite-enstatite fragment observed measured 5 mm. 
by 2 mm., and the individual pyroxene grains composing it were about 0 2 mm. 
across. In addition there are composite fragments 2 mm. by 2 mm. of coarse 
plagioclase crystals. 

Zeolitic Tuffs 

Specimen No. 9026 is a coarse fragmental rock, generally similar to No. 9071 
in hand specimen—a greenish rock with limonite staining along joints, and'contain¬ 
ing rock fragments up to 10 mm. across, and white felspar crystals 2 to 3 mm. 
long, which show on a fractured surface. 

Thin sections show that it is a coarse tuff, composed of numerous angular 
fragments, up to 5 mm. across, of fine-grained andesites, and prismatic crystals of 
plagioclase, some in glomeroporphyritic clusters, 2 to 3 mm. long, together with 
occasional grains of fresh pyroxene, chiefly augite, in an abundant cement consisting 
of a lime zeolite, probably laumontite, and some chlorite. 

The andesite fragments show a variety of textures similar to the fragments in 
No. 9071. Some contain chloritized ferromagnesian phenocrysts, but the granules 
of pyroxene in the groundmass of such rocks tend to be fresh. The plagioclase 
crystals are zoned and twinned, and range in composition from labradorite at the 
core to marginal zones of oligoclase. 

The cementing material is the most striking feature of the rock (Plate III. 
fig. 4). It is composed of more or less equigranular crystals of a zeolite, studded 
with swarms of ovoids or oolitic bodies of greenish chlorite, occasional ovoids of 
colourless zeolite, and very occasional ovoids of calcite. 

The dominant zeolite forming the host to the various oolitic bodies is optically 
negative and biaxial, with 2V about 20° to 30°. It has a perfect cleavage in one 
direction, and a refractive index on cleavage fragments of 1513. The birefringence 
is about 0 009. Occasional grains show traces of a second cleavage. These various 
properties indicate that the mineral is a lime zeolite, probably laumontite 
(CaAloSLO^.THoO), or possibly scolescite or epistilbite. This finds confirmation 
from the chemical analysis of the zeolitic tuff, No. 9024 (Table 3, Analysis 2). 
The individual grains are 0 2 mm. across, and some are water clear, but the 
majority are cloudy from dust-like inclusions. Dispersed through this zeolite are 
occasional ovoids of other zeolites, one of which is biaxial and negative, closely 
resembling the main zeolite, and a second that is uniaxial and negative. 
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The prevailing ovoid bodies are composed of a greenish-yellow chlorite, and 
consist either at the core or throughout of spherulitic fibrous growths (PI. Ill, 
fig. 4). Some show two or three sharply defined concentric zones, and most have 
a narrow brown marginal zone. An occasional ovoid has an outer zone of colourless 
zeolite, while some of the zeolitic ovoids have a rim of the chlorite. Some of the 
chlorite bodies are elongated or distorted by compaction between the grains or 
rock fragments, and some fill interstices, and are shaped accordingly. They range 
in size from 0 01 mm. to 0T0 mm. in major diameter, and occur in clusters of a 
hundred or more, in which all sizes in this range are represented. Generally in 
one field of view all of the adjacent ovoids have their longer ax£s parallel to one 
another (PI. Ill, fig. 4) ; but the orientation varies from place to place in the 
section. Occasionally two and three ovoids can be seen to have coalesced, or to 
have been compressed against each other, with resulting distortion of their shape 
(PI. Ill, fig. 5). The chlorite is pleochroic from pale green to apple green, and 
shows yellow polarization colours and negative elongation. 

The zeolites and the chlorite bodies appear to have formed from the solution 
and redeposition as gels of the components of the felspars and ferromagnesian 
minerals of the tuff during diagenesis. The iron and magnesium could not be 
accommodated in the zeolites, and so formed separate bodies of chlorite. 

The andesitic fragments are in general not replaced by the chlorite, but an 
occasional fragment has been severely chloritized, and one fragment was observed 
crowded with chlorite ovoids. Some of the plagioclase crystals have been invaded 
by narrow seams of chlorite along their cleavage planes, and some are partly 
replaced by calcite; but the pyroxene grains are quite unaffected by either chlorite 
or calcite. In places the groups of chlorite bodies are enclosed within areas of a 
green fibrous material, apparently a second chlorite substance, intensely pleochroic 
from emerald green to straw yellow, and suggestive of glaucophane. 

In addition there are occasional grains about 0 15 mm. across of magnetite- 
ilmenite lattice intergrowths, in which the ilmenite lamellae of the lattice are 
altered to leucoxene, leaving the magnetite unaltered. 

Specimen No. 9024 is a fine-grained variant of No. 9026, but lacks the chlorite 
ovoids. It consists of grains of plagioclase and fresh pyroxene, and numerous 
fragments of somewhat altered fine-grained andesite and chloritic material, together 
with very occasional fragments of quartzite, in an abundance of zeolitic cement, 
which appears identical with that of No. 9026, and is the dominant component of 
the rock, occurring as interlocking equigranular allotriomorphic crystals (PI. Ill, 
fig. 6). In places the zeolite has formed elongated areas or narrow seams showing 
a tendency to radial fibrous growths from the walls. In addition there are 
occasional grains of bright yellow epidote, and areas of carbonate, or of carbonate 
replaced by zeolite, showing definite organic structures, relicts of some marine 
organism. 

The felspar grains are sodic plagioclase, and are invaded by seams of chlorite 
and more or less replaced. The pyroxene is chiefly colourless augite with a large 
extinction angle, but some enstatite is also present. The andesite fragments are 
about 0 2 mm. across, and are rounded to sub-angular. They show varying stages 
of alteration from intense to only partial chloritization. 

The chlorite, which is abundant, occurs as more or less discrete grains. It 
appears partly to be a product of the replacement of andesite fragments, and partly 
of biotite grains. Some of it may be altered glauconite. 
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Chemical Analysis 

The unusual composition of these rocks is emphasized by a chemical analysis 
of Specimen No. 9024, shown in Table 3 (Analysis No. 2). The low silica, and 
the high lime, alumina and combined water contents, reflect the abundance of the 
zeolite cement, and the low soda content confirms that it is a lime zeolite. 

The tuff is much more basic than the greywacke (Analysis No. 1), or even 
than the analysed Miocene greywacke of the Aure Series of Papua (1 able 3, 
Analysis No. 4, 4a), which is largely derived from andesitic tuff, and contains 
practically no quartz (Edwards, 1950a). The tuff is notably richer in lime and 
combined' water, and poorer in soda and silica than the Miocene greywacke, which 
approximates to average andesite in composition. However, the alumina and potash 
contents of the two rocks are similar. Since the Wahgi tuff originated from 
pyroxene andesites, it is evident that the zeolites in this tuff formed largely at the 
expense of the original felspar, and that soda and silica were lost in solution in 
the process. 

■ The P 2 O 5 content of the zeolitic tuff is the same as that of the greywacke 
( Analysis No. 1), despite the fact that apatite is practically absent from the heavy 
minerals of the tuffs, though it is prominent among the heavy minerals of the 
greywacke. This must indicate solution of the original apatite of the andesite 
fragments during the zeolitization of the tuff, and either (a) absorption of phos¬ 
phorus in the zeolite, or (b) deposition of a secondary phosphate mineral not 
recognized as such in an examination of the thin sections. 

Sandy Tuffs 

With the appearance of quartz grains and glauconite or altered glauconite, these 
tuffs grade into sandy tuffs. Specimens Nos. 9051, 9053, 9056 and 9057 represent 
the initial stages of this transition from a zeolitic tuff, such as No. 9024, to the 
sandy tuff. All four are characterized by an abundance of grains of fresh pyroxene, 
with rather fewer grains of plagioclase, numerous fragments of andesite, a number 
of angular grains of quartz, and numerous grains of more or less altered glauconite, 
in a zeolitic cement. The pyroxene crystals are up to 0 3 mm. across, and are 
either fresh or have a rim of limonite in severely weathered rock. They are 
colourless to greenish. Both augite and enstatite are present, but augite is much 
the more abundant. 

The andesite fragments are all fine-grained, and show the same range of texture 
and composition as in the tuffs proper. Some are severely chloritized, others 
practically unaltered. Some are more or less completely replaced hy clots of yellow 
epidote. Sedimentary rock fragments are represented by only a very occasional 
fragment of quartzite, one of which was studded with growths of iron sulphide. 

The quartz grains are uniformly distributed through the rocks, and are always 
angular. They are generally smaller than the other grains. Fresh glauconite, and 
grains showing all stages of alteration to a pale yellowish isotropic substance, are 
relatively numerous. Some are ovoid, others are more or less angular to sub- 
angular. These various grains are enclosed in a zeolitic cement, composed chiefly 
of laumontite. 

These rocks are reported as unfossiliferous, but in the sections of both Nos. 
9053 and 9056 there are occasional areas of calcite showing definite organic 
structure, suggestive of foraminifera. 

Specimens Nos. 9014, 9018 and 9063 fall into this transitional group, but 
contain less zeolitic material, and more quartz. They consist essentially of closely 
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packed angular fragments of andesite, about 0 2 to 0 5 mm. across, together with 
occasional grains of plagioclase and pyroxene, and a number of angular grains of 
quartz, which are about 01 mm. long in No. 9063, and occasionally as large as 
0 3 mm. long in Nos. 9014 and 9018. This quartz occurs in the main as noticeably 
smaller grains than the other grain components. One fragment in No. 9018 showed 
a rounded embayment filled with chlorite. Both Nos. 9018 and 9063 are reported 
not to contain organisms, but No. 9018 can be seen in thin section to contain 
fragments of echinoids, mollusca, and calcareous algae. 

Specimen No. 9022 is a fine-grained sandy tuff, verging on mudstone as regards 
grain size, and could be so classed. It is traversed by a narrow veinlet lined with 
quartz and (?) pyroxene needles. 

Specimens Nos. 9047 and 9048 represent a further stage in the progression 
towards greywacke. They contain only a very little pyroxene, and much more 
quartz and glauconite than the other sandy tuffs, together with a little orthoclase, 
and fragments of chert, phyllite and shale, in addition to andesite. Specimen No. 
9093 is generally similar, but is stained red-brown by iron oxide. 

Heavy Minerals 

The heavy minerals were extracted from two samples of tuff proper, Nos. 
9026 and 9071, and two sandy tuffs, Nos. 9053 and 9063. The two tuff samples 
yielded an abundance of pyroxene fragments, consisting of colourless augite, green 
augite, and an occasional grain of hypersthene, a little epidote, and a few grains of 
iron ore and biotite, but no other minerals. 

Of the sandy tuffs, the near tuff No. 9053 yielded an abundance of similar 
pyroxenes. In addition there is a very occasional grain of glauconite, an occasional 
minute prism of apatite, and a very occasional grain of brown tourmaline. 

The more sandy specimen, No. 9063, by contrast, gave a relatively small 
heavy product, but it contains, in addition to a moderate proportion of the 
pyroxenes, all of the heavy minerals of the greywackes, though mostly as small 
grains only. They range between 0 02 and 0 05 mm. diameter. Apatite is the 
most abundant, occurring largely as minute water clear prisms, but partly as 
well-rounded dusty grains. Zircon occurs as occasional double-ended prisms, but 
chiefly as squat pyramidal grains, more or less completely rounded. Topaz is 
present as rather larger waterworn grains, and tourmaline occurs as the charac¬ 
teristic golden-brown and smoky varieties, in general waterworn. Rounded grains 
of glauconite occur in some abundance, and there are occasional grains of pink and 
brown garnet. The pyroxene occurs as fresh angular fragments of colourless and 
green augite, and there is an abundance of rounded leucoxene grains with a few 
rounded iron ores. 

It appears from the relative proportions of heavy detrital minerals present in 
these two sandy tuffs that there is a direct correlation between abundance of 
detrital minerals and abundance of angular quartz as seen in thin sections. 

Mudstones 

A number of the rocks in the collection are mudstones, some verging on fine 
sandstone, namely Nos. 9020. 9021, 9060, 9062 and 9065. Some are too fine-grained 
for their components to be distinguished under the microscope, but most of them 
contain tuffaceous matter, felspar, pyroxene granules and zeolites, with a little 
angular quartz, in a clay matrix. Presumably they consist of intermingled 
tuffaceous and detrital material. No. 9020 shows complex crenulations suggestive 
of slump structures. No. 9078 is a heavily carbonated mudstone of this type. 
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Specimen No. 9094 is a black shale or sandy shale, with an abundance of fine 
angular quartz, cloudy felspar, shreds of biotite and muscovite, clayey patches, 
leucoxene, and carbonaceous matter, together with disseminated patches of car¬ 
bonate and occasional shell fragments, but nothing suggestive of tuff. Blebs of iron 
sulphide are associated with the seams of carbonaceous matter. 

Limestones 

Three specimens of limestone are included in the collection. No. 9017, from 
Stage 4 (Chimbu Tuffs), in the Eocene portion of the section, is a brownish-grey 
limestone containing foraminifera and calcareous algae, reported as Fasciolites 
ivichmanni (abundant), Lacazina wichmanni, Textularia sp., and Halimeda, in a 
list of unpublished fossil determinations supplied with the suite of specimens by 
the Bureau of Mineral Resources. In thin section it shows no mineral grains or 
tuff fragments. Dissolution with acetic acid left a small residue of brownish clay-like 
material, but no mineral grains. Qualitative analysis showed the limestone to 
consist essentially of calcium carbonate, with a very minor amount of magnesium 
carbonate. Deposition of the limestone must have occurred, therefore, outside the 
range of sandy sediment, and during a period of volcanic quiescence. 

The other two specimens, Nos. 9077 and 9087, consist of shells and shell 
fragments, of Buchia nialayomaoria and Inoceramus, in a matrix of clay, carbonate 
material being the dominant component. Specimen No. 9077 might be described 
alternately as a red calcareous mudstone, the clay matrix being stained bright red 
with iron oxides. Some of the shell fragments enclose minute patches of zeolites 
and some are fringed with a bright green pleochroic carbonate mineral. This rocb 
contains no trace of quartz grains, but No. 9087 contains occasional grains oi 
quartz about 0 01 mm. across. 

In addition to these true limestones, there are two specimens of calcareous 
shale, Nos. 9078 and 9079, in which the carbonate occurs as a cement, replacing 
any original matrix in the rock, and to a large extent replacing the grains of the 
rock. It is probable that in these rocks the carbonate was introduced during 
diagenesis or lithification, and the original sediments were not limestones. No. 
9078 contains fragments of andesite and ill-defined felspar, and very little quartz, 
so that it wa9 tuffaceous in origin. No. 9079 contains abundant angular quartz and 
some muscovite, so was mainly sediment, probably similar to No. 9094. 

Cherts 

Two specimens, Nos. 9073 and 9074, consist of chert. No. 9073 is reported 
to contain radiolaria (Spumellaria ), in part replaced by glauconite. It consists of 
a hard greenish chert, composed of sericite, chlorite, and amorphous silica, through 
which are distributed very occasional angular grains of quartz, small areas of 
chlorite, and patches of calcite. Distributed through the rock are stumpy, lens-like 
bodies, about 0 05 mm. long, of chlorite, or chlorite with a core of quartz. These 
may represent original radiolaria; but they bear some resemblance to the chlorite 
bodies in the zeolitic tuff (No. 9026). The chlorite is distinguished from glauconite 
by its apple green colour, and ultra-blue polarization colours. 

Specimen No. 9074 is a similar rock, shattered by more or less rectangularly 
disposed fractures, which have been healed with carbonate, or fine-grained quartz 
The rock contains less chlorite than No. 9073, but contains numerous radiolaria 
which appear as circular to ovoid areas of silica, calcite or chlorite. Some of the 
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calcitic bodies show a reticulate structure, and many of them contain inclusions of 
minute opaque bodies. 

Conditions of Sedimentation 

The Wahgi sediments consist in part of tuff, and in part of detrital sediments, 
derived from a neighbouring landmass. 

The tuffaceous material appears to have been deposited directly in the sea, 
since there is nothing in the way of differential weathering of the tuff fragments 
in a given thin section to indicate previous deposition on a land surface. The more 
or less crystalline character of the groundmass of many of the tuff fragments 
points to sub-aerial rather than submarine eruption. The fragments are invariably 
andesitic. 

The detrital material appears to have been derived chiefly from older sediments, 
in view of the predominance of phyllite, shale and quartzite among the rock 
fragments. The abundant quartz grains are generally too fine-grained to be derived 
directly from granite, in view of the fact that their angular form indicates that they 
have not been transported any great distance. The well rounded form of many of 
the detrital heavy mineral grains in the greywackes indicates that these grains were 
derived from pre-existing sediments, and had undergone at least one previous cycle 
of erosion. It may be concluded, therefore, that the granite which the Wahgi 
sediments overlie, and which outcrops in the Bismark and Kubor Ranges, served 
as a surface of deposition, rather than as a source, for the sedimentary material. 

The volcanic activity was intermittent, so that periods of sudden deposition of 
large volumes of tuffaceous material alternated with periods of volcanic quiescence, 
when the greywackes were formed. With less vigorous eruption the sandy tuffs 
resulted. The coarsely fragmental nature of some of the tuffs points to nearness 
to the volcanic vents; and the angular shape of the tuff fragments as compared 
with the rounded phyllite, shale, and quartzite fragments, suggests aerial transport 
for much of the tuff, and water transport for the sedimentary fragments. 

The changes undergone by the rocks during diagenesis and lithification appear 
to be dependent on their original composition to a considerable degree. The 
greywackes tended to undergo more or less intensive carbonation, with develop¬ 
ment of calcite cement. The tuffs, with their abundant fine matrix of felspar and 
ferromagnesians, underwent some degree of hydration and solution that gave rise 
to an abundant cement of zeolites and some chlorite. These solidified at first as 
gels, subject to deformation. 

The badly sorted nature of the sediments, their great thickness, and their 
fine-grained character, points to rapid deposition in a subsiding basin of deposition, 
which conforms with their situation in the Papuan geosyncline. 

There is a general resemblance between the greywackes of the Wahgi section 
and the Purari greywackes (Edwards, 1950), emphasized by the presence of 
glauconite and apatite in both. The Wahgi rocks, however, tend to contain more 
quartz than the Purari rocks, and in addition lack the hornblende and fragments 
of hornblende andesite found in the Purari. The heavy mineral suites differ, also. 
Topaz is absent from the Purari sediments. Small pyramidal zircons characterize 
the Wahgi rocks, whereas prismatic zircons are more abundant in the Purari 
greywackes. Both series contain abundant apatite, but the abundant “dusky” 
apatites of the Purari suite are only weakly represented in the Wahgi rocks. Both 
contain abundant tourmaline, but the golden-brown variety characteristic of the 
Wahgi is lacking in the Purari. 
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The general indication; therefore, is that the two series were deposited under 
generally similar conditions, but derived from different terranes. Moreover, the 
vulcanicity was less pronounced in the Purari region. 

Tectonic Environment of Sedimentation 

The great thickness of the Mesozoic strata in the Wahgi Valley, amounting 
to nearly 16,000 feet for the sequence from about the base of the Upper Jurassic 
to the Cenomanian, corresponds to an estimated rate of deposition of about 01 mm. 
per year. This is a medium rate of deposition according to Stille (1944), who 
has recently analysed rates of deposition in various tectonic environments, and 
finds similar rates in the Tertiary idiogeosynclines of Indonesia, the Variscan 
foredeeps of Western Europe, and the intermontane basins in the Cordillera of 
Western America. He considers these depositional troughs as ‘subsequent’ or 
‘post-orogenic’ undations. 

The Wahgi Mesozoic sequence forms part of the ‘folded sedimentary zone’ of 
Central New Guinea (Glaessner, 1950), and similar sediments seem to underlie 
most of this zone. The Jurassic Maril Shales rest on the Kubor granite (Noakes, 
1939), which is older than the Permian limestones overlying its western end 
(Glaessner, Llewellyn and Stanley, 1950). The uppermost members of the Wahgi 
sequence are locally overthrust from the north by similar granites, which fonn 
part of the Bismark Mountains. Remnants of Mesozoic strata, including equiva¬ 
lents of the Kondaku Tuffs, are faulted into the plutonic and metamorphic rocks 
of the ‘crystalline zone’, which lies north of the predominantly sedimentary zone, 
or are preserved as cappings on it. Towards the east the Wahgi sediments 
disappear under Upper Tertiary rocks which grade into the filling of the Aure 
Trough. The unaltered Mesozoic rocks are not seen again. Their place is taken 
by the Kaindi Metamorphics of the Owen Stanley Ranges, in which Cretaceous 
fossils occur locally. 

The great thickness and areal extent of the Mesozoic rocks makes their 
geosynclinal character obvious. The rapid deposition of lithologically similar strata 
must have occurred in a subsiding trough. The rocks maintain uniform facies 
until Middle Eocene time, when shallow water limestones and conglomerates 
indicate a change in environment. The almost complete absence of initial vulcanism, 
and of synorogenic plutonism, which is usually accompanied by regional meta¬ 
morphism, indicates that the Wahgi sediments were deposited in a miogeosyncline. 
This is confirmed by their position in relation to the cratonic stable area of 
Australia, which at the time of tjieir deposition included the folded Palaeozoic 
rocks of the eastern geosyncline and the granitic batholiths of this zone extending 
across Torres Strait into southern New Guinea. Extensive basins in the Palaeozoic 
folded zone were being filled with lacustrine Triassic and Jurassic deposits, and 
with intermittently marine Cretaceous deposits, while other parts of this stable area 
provided a source of detrital material. This could account for the granitic and 
sedimentary material of the Purari greywackes (Edwards, 1950) and for the 
‘greensands’ in the Cretaceous of Western Papua (Kerabi Valley, and other areas), 
but the detrital material of the greywackes in the Wahgi-Chimbu section, which is 
about 50 miles further north from the southern margin of the geosyncline, is of a 
different nature, and appears to be derived from a less granitic terrain. One 
locality cannot yield sufficient evidence of the direction of transport of this material, 
but as a working hypothesis it is suggested that its source lay to the north, where 
we also must look for the source of the abundant volcanic material. The'Purari 
Formation contains less andesitic detritus at its type locality than its tuffaceous 
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equivalents in the Wahgi Valley. The source of the material can be pictured not 
as a 'borderland', but as a zone of island arcs, which came into existence in a 
Mesozoic eugeosyncline. The Tertiary strata in northern New Guinea and the 
Bismarck Archipelago rest generally on a plutonic or metamorphic basement, 
indicating strong pre-Tertiary plutonism, which has wiped out all traces of 
unaltered Mesozoic sediments. This zone is considered to be the site of a late 
Mesozoic (or early Tertiary) eugeosyncline. The intermittent character of the 
vulcanism, which was weak or absent in the Jurassic, strong in the Lower 
Cretaceous, weak in the Cenomanian, and strong again in the Lower Chimbu 
Tuffs, is in keeping with the development of a geosynclinal zone in which volcanic 
island arcs appear, move, and disappear intermittently. The outward sequence 
from craton (with epi-continental deposition) to miogeosyncline (a marginal, 
rapidly sinking shelf) and thence to peripheral eugeosynclinal 'volcanic troughs 
and linear islands’ not only parallels the conditions in the Appalachian geosyncline 
in Palaeozoic time (Kay, 1944), but is comparable with the conditions on the 
margin of Sundaland during the Tertiary. 
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Explanation of Plate III 

Fig. 1.—Greywacke No. 9403, showing an angular quartz grain, with quartz overgrowth, 
outlined by inclusions, together with fragments of andesite and shale. X 50. 

Fig. 2.—A large rounded fragment of phyllite, characteristically elongated parallel to its 
bedding or cleavage, in greywacke No. 9403. X 50. 

Fig. 3.—Greywacke No. 9608 (analysed specimen), showing characteristic texture, with 
ill-sorted angular grains of quartz and felspar as the dominant grains. X 25. 

Fig. 4.—Chlorite ovoids showing parallel elongation and compaction effects, in a matrix of 
lime zeolite (Plaumontite), in coarse zeolitic tuff No. 9206. X 25. 

Fig. 5.—Three chlorite ovoids, enclosed in laumontite, and compressed into one another, 
presumably during compaction, in zeolitic tuff No. 9206. X 50. 

Fig. 6.—Typical field of view of zeolitic tuff No. 9024 (analysed specimen), showing the 
abundance of coarse crystalline lime zeolite (Plaumontite), colourless to light grey, 
with cleavage, together with small grains of fresh pyroxene (high relief) and 
fragments of altered andesite (dark). X 25. 
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Royal Society of Victoria 


ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1951 

The President and Council present to members of the Society the Annual 
Report and Statement of Receipts and Expenditure for the year 1951. 

The following meetings of the Society were held: 

March 8th. — Annual Meeting. The following office-bearers were elected: 
President, Professor J. S. Turner; Vice-Presidents, Dr. F. L. Stillwell, Professor 
L. H. Martin; Honorary Treasurer, Mr. R. T. M. Pescott; Honorary Librarian . 
Mr. F. A. Cudmore; Honorary Secretary, Dr. C. M. Tattam; Members of Council , 
Professor E. S. Hills, Mr. E. R. Pitt, Professor O. W. Tiegs. 

The following Members of Council continued in office: Mr. V. G. Anderson, 
Associate Professor G. W. Leeper, Dr. J. S. Rogers, Dr. D. E. Thomas, Professor 
G. L. Wood, and all past Presidents. 

The Annual Report and Financial Statement for 1950 were read and adopted. 

At the close of the Annual Meeting an Ordinary Meeting was held. — Exhibition 
of instructional films on heredity and meteorology. 

April 12th. — Lecture: “The Hydrology of an Australian Forest,” by Mr. J. D. 
Brookes. 

May 10th. — Lecture: “Soil Mineralogy Investigations at the Macaulay Institute, 
Aberdeen, Scotland,” by Dr. G. F. Walker. 

June 14th. — Presentation of Clarke Memorial Medal to Dr. F. L. Stillwell; 
Illustrated Lecture: “Archipelago of the Recherche, Western Australia,” by Mr. 
J. Bechervaise, with comments on the botany of the Archipelago by Mr. J. H 
Willis. 

July 12th.—Papers: “Notes on the Spines of a Tertiary Echinoid from Victoria,” 
by Edmund D. Gill; “Victorian Musci, Part 1: Introduction and Andreaeaceae,” 
by H. T. Clifford; “Distribution of the Species of Penicillium in some Victorian 
Soils,” by Ethel McLennan. 

August 9th.—Lecture: “The Coming Impact of Atomic Physics on Engineer¬ 
ing,” by Professor C. E. Moorhouse. 

September 13th. — Lecture: “The Study of Respiratory Pigments,” by Professor 
W. A. Rawlinson. 

October 11th. — Papers: “The Wedderburn Meteoritic Iron,” by A. B. Edwards; 
“The Geology of the Coastline of Waratah Bay between Walkerville and Cape 
Liptrap,” by A. W. Lindner. 

November 8th.—Lecture: “The Origin of the Solar System,” by Professor 
E. J. Hartung. 

December 13th.—Paper: “Mesozoic and Tertiary Sediments from the Wahgi 
Valley, New Guinea,” by A. B. Edwards and M. F. Glaessner; Lecture: “The 
Outlook for Science in Malaya,” by Professor J. W. H. Lugg. 
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During the year seven members, one country member and ten associate members 
were elected. One member and three associate members resigned. Two members 
and four associate members were removed from the list for non-payment of sub¬ 
scriptions. The total membership of the Society on December 31st, 1951, was 252. 

The Council deeply regrets the death of Wilfred Eade Agar, c.b.e., m.a. 
(Cantab.), d.sc. (Glasgow and Melbourne), f.r.s. Professor Agar was born at 
Wimbledon, England, in 1882, and educated at Sedbergh School, Yorkshire, and 
King's College, Cambridge, where he read Zoology. His first appointment was as 
demonstrator at Glasgow University, where he began researches in Cytology and 
Genetics, subjects upon which he was to become an international authority. He 
engaged upon an expedition to the Gran Chaco, Paraguay, to collect the lung-fish 
Lepidosiren which he was using as material for his studies in Cytology. During 
the 1914-18 war he served as a captain in the Highland Light Infantry. He returned 
to Glasgow after the war, and in 1920 was appointed to the Chair of Zoology at the 
University of Melbourne. In this same year he was elected a Fellow of the Royal 
Society of London. For some years he pursued his research in Cytology and 
Genetics but in later life devoted himself to the philosophy of science and the 
broader concepts of biology, expressed in his book A Contribution to the Theory 
of the Living Organism. He was called on to serve on many committees of the 
University and was President of the Professorial Board when that most important 
move in administration, the creation of the Vice-Chancellorship, was being put into 
effect. At all times he maintained the highest standards of teaching and scholarship. 
He retired from the Chair in 1948 with the title of Emeritus Professor and in that 
year received the award of C.B.E. in recognition of his services to science and the 
University. He became a member of the Society soon after his arrival in 1920 and 
served on the Council from 1922 to 1942. He was President for the years 1927-1928. 
He was held in high esteem by his colleagues and students for his tolerant outlook, 
balanced judgment and kindly personal qualities. He died on July 14th. 

The attendances at Council meetings were as follows: Mr. Anderson, 10; Mr. 
Baragwanath, 8; Mr. Casey, 10; Mr. Cudmore, 10; Captain Davis, 9; Professor 
Hills, 8; Associate Professor Leeper, 6; Professor Martin, 1; Mr. Crosbie Morrison, 
7; Professor Osborne, 1; Mr. Pescott, 9; Mr. Pitt, 7; Dr. Rogers, 4; Professor 
Skeats, 4; Dr. Stillwell, 10; Dr. Summers, 2; Dr. Tattam, 11; Dr. Thomas, 9; 
Professor Tiegs, 3; Professor Turner, 9; Professor Wadham, 3; Professor Wood, 
4. 

During the year 2,105 volumes and parts were added to the Library. 

The Society received a proposal from the Australian Branch of the Royal 
College of Obstetricians and Gynaecologists that the Society grant the College 
permission to establish its headquarters in the Society's buildings. The necessary 
extensions, together with complete renovation of the present building, would be 
carried out at the expense of the College, at a cost of not less than £20,000. The 
Council agreed in principle to the proposal and negotiations for a formal agreement 
were proceeding at the close of the year. The advantages to the Society arising 
from the scheme will be a much needed increase in library accommodation, and 
general repair and renovation of the building. 
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The financial position of the Society still gives cause for concern. Although 
the credit balance in the current account at December 31st, 1951, was £331.15.2. 
compared with £359.7.7 at the corresponding date of 1950, the financial position 
would not have been as satisfactory had it not been for an increase in the Govern¬ 
ment grant from £200 to £350. The Society expresses its appreciation of this action 
of the State Government to enable it to carry on its activities in these inflationary 
times. 

On the expenditure side, the publication of the Proceedings absorbed the greater 
portion of the revenue. Publication costs are still rising rapidly, and unless some 
additional source of revenue can be found, it may be necessary to curtail this very 
desirable activity of the Society. This would be a retrograde step, as the Proceedings 
is not only the medium for the publication of valuable scientific papers, but is also 
the means whereby exchanges of scientific periodicals are obtained from overseas 
institutions. 

General costs of administration of the Society’s affairs have risen but little 
over a long period of years, and no drastic economies are possible there. On the 
receipts side, there are limits to the help that can be expected from the Government, 
which also has its financial problems. The other source of revenue is members’ 
subscriptions, and this can be increased only in two ways, viz., an increase in full 
membership, or a substantial increase in membership dues. 

Any great increase in membership can only be accomplished by spirited recruit¬ 
ing on the part of all members, and it is hoped that substantial increases in 
membership will occur in 1952. 

The matter of the increase in membership dues is one that is receiving the 
consideration of your Council at the moment. 
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Publications of the Royal Society of Victoria and of the 
Societies amalgamated with it 


Victorian Institute for the Advancement of Science. 

Transactions and Proceedings. Vol. I. 1854/55. 

Philosophical Society of Victoria. 

Transactions. Vol. 1. 1854/55. 

These two Societies then amalgamated and became— 

Philosophical Institute of Victoria. 

Transactions. Vols. 1-4. 1855/56-1859. 

The Society then became— 

Royal Society of Victoria. 

Transactions and Proceedings (Vol. 5, entitled Transactions). (8vo.) 
Vols. 5-24. 1860-1887. 

Transactions. (4to.) Vols. 1, 2, 3 (Pt. 1 only was published), 4, 5 
(Pt. 1 only), 6. 1888-1914. 

Proceedings (New Series). (8vo.) Vols. 1 .. 1888 . 


Microscopical Society of Victoria. 

Journal (Vol. 1. Pt. 1. entitled Quarterly Journal) Vol. 1 (Pts. 1 to 
4), 2 (Pt. 1), title page and index [all published]. 1879-8Z. 

[The Society then combined with the Royal Society of Victoria.] 

Note.—A f ost of the volumes published before 1890 are out 

of print. 


Vol. 46, Part II, contains an author index of the S° c,ety of 

Victoria and of the Societies amalgamated with it from 1855-19.54. 


The Royal Society of Victoria has a number of unbound volumes of the 
following for sale:— 

Aborigines of Victoria, by R. Brough Smyth (2 vols., 4°), 1878. 

Price 7s. 6d. 

Australian Race, by E. M. Curr (3 vols., 8° and atlas fo.), 1886-87 

Price 20s. 
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FOSSIL FRUITING CONES OF CASUARINA AND BANKSIA FROM 
TERTIARY DEPOSITS IN VICTORIA 

By Katpileen M. Pike 
[Read 12 June 1952] 

Abstract 

A well preserved fruiting cone of Casuarina is recorded from the brown coal at Yallourn, 
Victoria. The cuticular structure of the individual fruits is described and comparisons are 
made with some living Victorian species of Casuarina. 

Two fossil Banksia cones, collected from the Deep Leads at Eldorado, Victoria, are 
described and their cuticular structure is compared with that of a third fossil cone from 
Yallourn, Victoria. 

Fossil Fruiting Cone of Casuarina 
Nat. Mus. Vic. No. P 15733. 

(Plate I, figures 1-4) 

Introduction 

A well preserved fruiting cone of Casuarina, now in the collections of the 
National Museum, Melbourne, was collected several years ago in the Yallourn 
Open Cut by the author and is the first record of its kind from this locality. 

Description 

External Characters 

The specimen is a much compressed cone, measuring 2 2 cm. x 1*4 cm., and 
consists of small woody fruits, arranged in rows around a flattened axis. All the 
fruits are closed. Each fruit consists of two prominent valves, which are approxi¬ 
mately 5 mm. broad and very slightly keeled; one or two retain the suggestion 
of a small mucro. 

Cuticular Structure 

Several fragments of cuticle were removed from a valve, after treatment with 
Schultz's solution and alkali. 

(1) Outer Epidermis. The epidermal cells vary in shape from rectangular to 
elongate-rectangular and have pitted lateral walls. They range in length from 
18 to 29 /x. There is some evidence (PI. I, fig. 3) that the cuticle is papillate, but 
the number of papillae per cell cannot be determined. 

Some of the cells have the remains of hairs attached, consisting of two basal 
cells which measure 9 to 11 /x in diameter. In certain areas each epidermal cell 
supports a hair base, while in others the bases are entirely absent. Stomata occur 
in longitudinal rows in an area on the valve where there are many hair bases. 
Each stoma consists of two kidney-shaped guard cells which surround a small 
pore, approximately 2 /x long. The guard cells are heavily thickened at the junction 
of their ventral walls and on the dorsal walls. The polar diameter of the guard cells 
measures 11 to 16 /x. Associated with each stoma are two subsidiary cells, with 
pitted lateral walls, which lie parallel to the pore. 

(2) Inner Epidermis. The inner epidermal cells are more elongate than 
those of the outer epidermis, but neither stomata nor hair bases occur. 
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Occurrence 


The specimen was collected from a clay bed forming the floor (No. 3 level) 
of the Yallourn Open Cut, Victoria. 

The deposit is believed to be of Oligocene age (Thomas and Baragwanath 
1950). 

Cuticular Structure of the Valves of Living Species of Casuarina 

Preparations of cuticle from the fruiting cones of the following Victorian 
species were studied: 

C. cristata Miq.; C, Luehmanni Baker; C. Muellcriana Miq.; C. nan a 
Sieb. & Spreng.; C. paludosa Sieb. & Spreng.; C. pusitta Macklin; C. stricta Ait.; 
C. suberosa Otto & Ditt. 

The structure of the epidermis is similar in all species examined; that of the 
inner and outer surfaces of each valve is distinct. 


(1) Outer Epidermis. The epidermal cells are rectangular to elongate- 
rectangular and have thin, pitted lateral walls. The cuticle is distinctly papillate, 
there being approximately 20 to 30 papillae per cell, but sometimes these are 
fewer or even absent in areas surrounding the stomata (PI. I, fig. 5). 

The hairs and stomata are restricted to a definite zone (Fig. 1) just above the 
point of insertion of the valve on the woody axis. Each hair consists of two thin- 
walled basal cells and a long terminal cell which is often dichotomously branched 
(vide Solereder, 1908, p. 788, Fig. 186. E.D.). The diameter of the hair bases 
varies between species; measurements for those species examined are given in 
column I of Table 1. 

The structure of the stomata is similar in all species examined (Fig. 2). The 
small pore, approximately 2 fx in length, is surrounded by two kidney-shaped guard 
cells, which show a characteristic heavy thickening at the junction of the ventral 
walls and on the dorsal walls. This is attributed by Porsch (1905) to a deposit 
of cutin-lamellae in the cellulose membrane of these walls. Measurements of the 
average polar diameter of the guard cells in species examined are given in column IT 
of Table 1. Each stoma is associated with two subsidiary cells having pitted lateral 
walls, which lie parallel to the opening of the pore. 


Table 1 


1 

Casuarina cristata 

8 



Casuarina Luehmanni . . 

16 



Casuarina Muelleriana .. 

11 



Casuarina nano .. 

7 



Casuarina paludosa 

12 



Casuarina pusilla 

9 



Casuarina stricta 

18 



Casuarina suberosa 

12 




1. Average diameter of the hair bases in 

2. Average polar diameter of the guard cells in m. 


2 ^ 

20 

20 

16 

22 

18 

20 

20 


(2) Inner Epidermis. The epidermal cells are rectangular at the top of the 
valve, becoming more elongate towards the base. They have thick, pitted lateral 
walls but no cuticular papillae. 

Numerous hairs form a dense mat which thins out towards the base, e.g. 
C. stricta, or is sometimes restricted to the uppermost portion of the valve, e.g. 
C. suberosa. In the upper region one hair per epidermal cell characterizes the 
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surface. The number of hairs diminishes towards the base, where they are entirely 
absent. The hairs are similar to those described and figured by Solereder (1908). 

The stomata occur towards the tip of the valve, interspersed among the hair 
bases. Each stoma has the characteristic structure previously described for the 
outer epidermis. 




Fig. 1. — Diagram of cuticle from the inner and outer surfaces of a valve from a recent 
fruiting cone of Casuarina, AB, junction between inner and outer surfaces; X, area 
where stomata and hairs occur on inner surface, I; Z, zone where stomata and 
hairs occur in outer surface, O. 

Fig. 2. — Camera lucida drawing of stoma of Casuarina stricta. x 1450. G, guard cells; 

p, pore; s, subsidiary cells; t, thickening at junction of ventral walls of guard cells’. 

Comparison Between the Fossil and Recent Fruiting Cones of Casuarina 

The resemblance in size, shape and structure between the fossil and recent 
fruiting cones of Casuarina leave little doubt regarding the generic identity of the 
Yallourn specimen. The cones of C. stricta , for example, have similarly ridged 
valves, while the mucro is obvious both before and after dehiscence. 

The reference to Casuarina is completely confirmed by the similarities in 
cuticular structure between the fossil and living species. Cuticle removed from 
the valves of the fossil fruiting cone has epidermal structures which can be related 
to those of certain areas observed on the valves of living species. The structure 
of the stomata and hair bases is similar in both the fossil and recent species. 

The differences in structure between the epidermal cells, stomata and hair 
bases are insufficient to distinguish between living species, thus the fossil cone 
cannot be assigned to, or compared with, a definite species. 

Previous Records of Casuarina from Victoria 

The only reference to Casuarina from Yallourn is by Cookson (1945) who 
noted the occurrence of fossil pollen grains in the brown coal deposits. Dr. R. T. 
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Patton, in a personal communication, has mentioned the presence of Casiiarina 
wood. 

Two earlier records of fossil cones from Victoria are based upon impressions. 
Patton (1936) described a Casiiarina cone and branchlets, preserved as impressions 
in a siliceous sandstone, possibly of Miocene age, at Limestone Reserve, Parish 
of Yalloak. He compared these specimens with the living Victorian species 
C. glauca Sieb., and C. Cunninghamiana Miq., on similarities in the size of the 
cones and the number of rudimentary leaves in a whorl. 

Chapman (1914) examined impressions in a specimen of Newer Basalt from 
Yandoit Hill and compared them with plasticene impressions of the fruits of 
C. stricta Ait. 

Other references to fossil remains of Casuarina from Victoria are based upon 
either shoots (Deane, 1904; Paterson, 1935) or wood (Armytage, 1910; Chapman 
1905, 1922; Gill and Baker, 1950). 

Fossil Fruiting Cones of Banksia Species 

Introduction 

Two previously undescribed specimens (1 and 2) from Eldorado, Victoria, 
recognizable from external characters as fossil fruiting cones of Banksia, were 
lent for investigation by the National Museum of Victoria. Their description, given 
below, is based upon microscopic as well as macroscopic features, since the excellent 
state of preservation of the specimens permitted an examination of the cutieular 
structure of the capsules. 

In addition, a fossil Banksia cone (Specimen 3) from Yallourn, Victoria, 
recorded by Cookson and Duigan (1950) has been re-examined and its cutieular 
structure compared with that of some living Victorian species and the Eldorado 
specimens. 

Description 

Specimen 1 

Nat. Mus. Vic. No. P 15614 
(Plate I, figure 6) 

External Characters 

The specimen is a large, complete cone, measuring 7 5 x 3 5 cm. It consists 
of numerous fertile capsules borne on a thick, flattened axis. The valves of the 
capsules are all closed, but in places where the edges have worn away, the seed 
is just visible. 

Cutieular Structure (Fig. 3) 

Fragments of cuticle removed from the outer surface of a capsule show polygonal 
epidermal cells, varying in diameter from 18 to 22 jx. They have thin, straight, 
unpitted walls, and hair bases occur, separated from each other by several cells. 
Each hair base is associated with two to four epidermal cells and measures 14 to 
20 /x in diameter. 

Occurrence 

Deep Leads, Eldorado, Victoria. The specimen was collected from Tertiary 
gravels and the label “Bedrock level 200 ft.” may indicate, that it was found at 
that depth. Tertiary; exact age unknown. 
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Specimen 2 

Nat. Mus. Vic. No. P 15615 
(Plate I, figure 7) 

External Characters 

This specimen measures 4x2-5 cm. It is complete, excellently preserved, and 
consists of a series of thin capsules around a slightly flattened axis. Each capsule 
has two valves, which in many of the fruits are opened, exposing the seed. A high 
proportion of the fruits are fertile. 



Fig. 3.—Camera lucida drawing, showing the 
epidermal structure of capsule of Banksia sp. 
Specimen No. 1, P.15614, Slide P.15735, Nat. Mus. 
Vic. x 600. 


Cuticular Structure (Fig. 4) 

The epidermal cells are small, polygonal, and measure 11 to 20 /x in diameter. 
Numerous hair bases characterize the surface. These range from 11 to 16 /x in 
diameter and each is associated with only one epidermal cell. In certain areas 
each cell supports a hair base while in others the bases are more widely separated. 

Occurrence 

Same locality and horizon as Specimen 1. 

The cone from Eldorado, figured by Cookson and Duigan (1950, PI. 7, fig. 49) 
is similar in size and external characters to this specimen. A comparison of the 
cuticles of the two cones suggests that they represent the same species. 
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Specimen 3 » 

Nat. Mus. Vic. Nos. P 14743, 14775, 14776 
Cookson and Duigan, 1950 
Aust. J. Sci. Res. B. Vol. 3, Pt. 2, PI. 7, fig. 52. 

External Characters 

This specimen has been figured and described by Cookson and Duigan (19501 
as follows:— “The cone has been split longitudinally, and the apical region com¬ 
pletely detached. The cone is 5*5 cm. long and 3 an. wide, and its woody axis 
measures 5 mm. across. A large number of bracts and bracteoles, whose radial 
measurement is about 2 mm., are crowded on the axis and amongst them are 
suggestions of possible fruit valves.” They were able to examine cuticle from 
the bracts of the Yallourn specimen and found that the hairs present were similar 
to those which occur on the bracts of the living species B. intcgrifolia and B. mar- 
ginata. 



Fig. 4.—Camera lucida drawing, showing the 
epidermal structure of capsule of Banksia sp. 

Specimen No. 2, P.15615, Slide P.15736, Nat. Mus. 

Vic. x 600. 

Cuticular Structure of the Bracts (Fig. 5) 

The epidermal cells have much pitted, rather thick lateral walls, and measure 
18 to 23 /x in diameter. Hair bases, with diameters between 21 and 25 /x are 
very numerous. There is usually one hair base to each cell. 

Occurrence 

In brown coal, Yallourn, probably from the Open Cut at Yallourn North, 
Victoria. 

The deposit is probably Oligocene in age (Thomas and Baragwanath, 1950). 

Cuticular Structure of the Capsules of Living Species of Banksia 
The following Victorian species have been studied: B. collina R. Br., 
B. integrifolia L., B. rnarginata Cav., B. ornata Muell., and B. serrata L. 





7 


FOSSIL FRUITING CONES OF CASUARINA AND ‘BANKSIA 

An examination of the cuticle of these species revealed that the epidermal 
structure of the valves of the fruiting cones are essentially similar. The epidermal 
cells are small, polygonal, with thin lateral walls and no cuticular papillae. Delicate, 
thin walled hairs are present and are usually more numerous on the outer surface 
of the valves than on the inner. The hairs are always more dense towards the base 
of the capsule. Stomata occur on the outer surface of each valve and are present, 
but less numerous, towards the tip of the inner valve. 



. Fig. 5.—Camera lucida drawing, showing the 
epidermal structure of bract of Banksia sp. 

Specimen No. 3, P.14775, Slide P.15737, Nat. Mus. 

Vic., x 600, in an area where the hair bases are 
more widely separated than usual. 

Discussion 

Although the two fossil Banksia cones from Eldorado differ in size, this is 
an insufficient basis for specific separation in view of the great variation in size 
shown within living species. The cones of B. marginata , for example, range 
in length from 3 L 5 to 10 cm., and a similar variation has been observed in 
B. integrijolia . 

Since it is impossible to distinguish between the living species of Banksia 
examined, using the cuticular structure of the capsules of the fruiting cones, 
identification of a fossil cone by means of this character is impracticable. Hence, 
there is no justification for naming the two fossil cones from Eldorado. 

The cuticular structure of the valves of Specimen 3 from Yallourn differs 
from that of the living species examined and the Eldorado specimens in having 
rather thick, much pitted cell walls and larger hair bases. These differences indicate 
that it may represent another species. Since six species of Banksieaephyllum 
leaves have been described from the brown coal at Yallourn (Cookson and Duigan, 
1950) it is likely that this cone may belong to a species whose leaves have already 
been described. It seems desirable to wait until more complete evidence, afforded 
by the discovery of similar cones in association with leaves, is available before a 
specific name is given to this specimen. 
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Previous Records from Victoria 

The first records of fossil fruiting cones of Banksia from Victoria by Redaway 
(1858) and Smyth (1873, 1875), refer to their occurrence in the deep leads. 

Recently Cookson and Duigan (1950) have figured Banksia • cones from 
Eldorado and Yallourn. 

Acknowledgments 

I wish to express my sincere gratitude to Dr. I. C. Cookson for her helpful 
advice during the progress of this investigation. Thanks are due to Mr. E. D. Gill, 
Palaeontologist at the National Museum, Melbourne, for providing the specimens 
of fossil Banksia cones examined; and to the Director and Staff of the National 
Herbarium, Melbourne, for fruiting cones of recent Casuarina and Banksia species. 

This work was made possible by financial assistance from the Commonwealth 
Scientific and Industrial Research Organization and the State Electricity Com¬ 
mission of Victoria. 

Bibliography 

Armytage, R. W., 1910. Notes on the occurrence of plant remains in Olivine-Basalt, Cliftov 
Hill Quarry. Vic. Nat., 27: 21-29. 

Chapman, F., 1905. Excursion to Burnley (Report). Vic. Nat., 21: 173-175. 

-, 1914. On an Impression of the Fruit of Casuarina or She-oak in the Newer Basalt 

of Victoria. Vic. Nat, 31: 89-91. 

-, 1922. Notes on the Brown Coal from Morwell, South Gippsland. Gcol. Surv. Vic. 

Bull., 45. The Brown Coal Deposits of Victoria. 

Cookson, Isabel C., and Duigan, Suzanne L., 1950. Fossil B'anksieae from Yallourn, Vic¬ 
toria, with notes on the morphology and anatomy of living species. Aust. Joitrn. Set. Res 
Ser. B., 3: 133-165. 

Deane, H ., 1904. Further notes on Cainozoic Flora of Sentinel Rock, Otway Forest 
Rec. Gcol. Surv. Vic., 1: 212-216. 

Duigan, Suzanne L., 1951. A Catalogue of the Australian Tertiary Flora. Proc. Roy. Soc 
Vic., 63: 41-56. 

Gill, E. D., and Baker, A. A., 1950. Fossil Plants in Basalt at Maribyrnong, Victoria. Vic 
Nat., 67: 123. 

Paterson, Helen T., 1935. Notes on plant remains from Narracan and Darlimurla, South 
Gippsland. Proc. Roy. Soc. Vic., 48: 67-74. 

Patton, R. T., 1936. A fossil Casuarina. Proc. Roy. Soc. Vic., 49: 36-39. 

Porsch, O., 1905. Der Spattoffnungsapparat im Lichte der Phylogenie. Jena. 

Redaway, W., 1858. On the gold-diggings at Creswick Creek and Ballaarat. (Abstract.) 
Quart. Jour. Gcol . Soc. Loud., 14: 540-541. 

Solereder, Hans, 1908. Systematic Anatomy of the Dicotyledons. Vol. 11 (Oxford, Clarendon 
Press). 

Smyth, R. B. f 1873. Report of Progress. Gcol. Surv. Vic., 1: 30. 

-, 1878. Report of Progress. Gcol. Surv. Vic., 2: 28. 

Thomas, D. E., and Baragwanath, W., 1950. Geology of the brown coals of Victoria. 
Min. and Gcol. Journal of Vic., 3: 28-55. 

• Explanation of Plate I 

Fig. 1 .—Casuarina sp. Fruiting cone. Natural size. Yallourn, Victoria. Nat. Mus. reg. no 
P.15733. 

Fig. 2.—The same specimen x 2. 

Fig. 3.—Cuticle from valve of Casuarina sp. showing cuticular papillae. Yallourn. x 800. 
Nat. Mus. reg. no. P.15613. 

Fig. 4.—Another fragment showing stomata and hair bases, x 600. Same slide as figure 3. 
Fig. 5.—Cuticle from outer surface of valve of Casuarina stricta, showing stomata, hair bases 
and cuticular papillae. x600. Nat. Mus. reg. no. P.15734. 

Fig. 6.— Banksia sp. Specimen No. 1. Fruiting cone. Nat. size. Eldorado, Victoria. Nat. Mus. 
reg. no. P.15014. 

Fig. 7. — Banksia sp. Specimen No. 2. Fruiting cone. Nat. size. Eldorado, Victoria. Nat. Mus. 
reg. no. P.15615. 
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CRINANITE-PICRITE INTRUSIONS IN THE NEBO DISTRICT OF 

NEW SOUTH WALES 

By A. B. Edwards, D.Sc., Ph.D., D.I.C . 1 

[Read 10 July 1952] 

Introduction 

Diamond drill holes put down in the Nebo district in the Southern Coalfield 
of New South Wales, have intersected a series of basic sills and or laccoliths in 
flat-lying Triassic (Narrabeen) and Permian (Upper Coal Measure) sediments, 
petrological studies of the igneous rocks, undertaken as part of the research 
programme of the Mineragraphic Section of the Commonwealth Scientific and 
Industrial Research Organization (Mineragraphic Reports Nos. 357, 413, 457) 
have revealed that some of the sills or laccoliths are composite crinanite-picrite 
intrusions. The locations of the bores and the surface geology are shown in Fig. L 

The crinanite-picrite intrusion of Nebo No. 6 Bore 

Intrusive basic rocks were cut between the depths of 138 feet (R.L. 1,034 ft. 
9 in.) and 399 feet (R.L. 773 ft. 9 in.) in the Nebo No. 6 bore, establishing 
the presence of an apparently concordant, flat-lying intrusion with a total thickness 
of about 260 feet, and with its base 36 feet above the uppermost coal seam (No. 1 
seam) intersected in the bore. The strata above and below the igneous rock are 
metamorphosed for a foot or so, and belong to the Narrabeen Series of the 
Triassic. The bore is adjacent to the basaltic occurrence mapped by Harper 
(1915) as the Cordeaux Flow, and the possibility arises that the intrusive rock 
j s a continuation underground of this occurrence. Hand specimens were supplied 
at 10 foot intervals throughout the intrusion, together with specimens of all 
contacts and lithological changes. 

Examination of the material shows that the intrusion consists of typical 
crinanite in its upper 150 feet, changing abruptly, without any gradation, to picrite 
at 291 feet below the collar of the drill hole. The picrite layer continues to a 
depth of about 375 feet, and then grades downward into typical crinanite at 392 
feet. This lower crinanite shows a chilled margin against the floor rocks at 398 
feet below the surface. 

Crinanite 

The crinanite (olivine-analcite-titanaugite-dolerite) is a tough dark grey- 
black, fine-grained rock, speckled with small transparent crystals of felspar. Thin 
sections (PI. II, fig. 1) show that it consists essentially of olivine, titanaugite, 
plagioclase felspar, analcite, a little iron ore, biotite and apatite. Some sections 
contain chlorophaeite, or serpentine, and some contain calcite. 

The olivine occurs in two generations. The earlier-formed olivine occurs as 
idiomorphic to corroded phenocrysts, up to 2 0 mm. across, with a tendency to 
associate in clusters. It is a magnesia-rich variety, with 2V about 90°, and is 

1. Mineragraphic Section, Commonwealth Scientific and Industrial Research Organization. 
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optically positive. In many of the sections it is free from any alteration to 
serpentine, but in others incipient alteration has affected both the phenocrysts 
and the groundmass crystals, and particularly the latter. These, the second genera¬ 
tion olivine, are small crystals 0T mm. or less in diameter, restricted to the 
felspathic “groundmass”. 
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from deep violet to pale violet or pale yellow, and has 2V about 50°, and is 
optically positive. A series of micrometric analyses of specimens at vertical intervals 
through the crinanite (Table 1) show that in most sections the volume of 
titanaugite equals or exceeds that of olivine. There is some suggestion of downward 
increase in the total proportion of olivine and titanaugite, but no marked accumu¬ 
lation at any horizon. 

The felspar consists of lath-shaped crystals of labradorite (An« 0 ), about 0 1 mm. 
or less in length, with occasional phenocrysts up to 1 25 mm. across. The maximum 
extinction angle on the laths, in the symmetrical zone, is about 35°, but the larger 
crystals, which are zoned, have more basic cores and more sodic margins. 

The analcite occurs in small cloudy interstitial patches, which are isotropic, 
and as veinlets and films intersecting and replacing the adjacent plagioclase laths. 
Occasional small patches of pale greenish chlorophaeite also occur interstitially. 
Some of these show concentric banding, and some contain numerous spherulitic 
growths of the same apparent composition. In some sections strongly pleochroic 
brown biotite occurs as minute flakes dispersed between the felspar laths. 

Iron ore occurs as relatively coarse crystals, up to 0 25 mm. across, with a 
tendency to ophitic intergrowth with the felspar. It also occurs intergrown with 
the titanaugite, and encloses or is moulded on small crystals of olivine. Small 
needles of apatite are dispersed through the felspathic areas and in the analcite. 

The top of the crinanite is marked by a layer of pale violet coloured porcellanite, 
showing bedding, which dips at 25° to the axis of thei bore, and is charged along the 
'bedding planes and joints with films of pyrite. It was apparently “rafted’* from 
the roof, since above it is a thickness of about 12 inches of deuterically altered 
crinanite, in which the felspar and titanaugite are largely preserved, but the olivine 
and interstitial material are completely converted to chlorite. The texture, however, 
is not that of a chilled phase, but about as coarse as that of the crinanite as a 
whole. 

At the immediate under-contact of the porcellanite layer there is a chilled 
zone about 2 to 3 mm. thick, containing minute relicts of undissolved porcellanite. 
One or two narrow beds of the original shale are still outlined in the chilled crinanite 
by aligned inclusions. A micro-network of felspar penetrates into the adjacent 
bedding planes of the porcellanite, and in one place was rafting off a small piece 
of porcellanite when crystallization occurred. This “chilled margin” is clouded 
with minute inclusions. It gives place downwards to a discontinuous band about 
1*0 cm. thick, consisting of a medium-grained felspathic rock, with equigranular 
texture, and containing a few small prismatic crystals of titanaugite and asso¬ 
ciated laths of ilmenite, but no olivine. This passes down into a second layer 
of fine-grained chilled crinanite, about 5 0 mm. thick, and presumably represents 
a vein that penetrated along a bedding plane of replaced shale. The chilled band 
contains abundant serpentinized olivine, possibly filtered out of the felspathic 
layer. Below this second chilled band is a lens-like patch, about 2 0 cm. wide, 
of coarse-grained ophitically intergrown basic plagioclase and titanaugite, prac¬ 
tically free from olivine, in which the individual grains are 2 to 3 mm. across. 
This patch has a “pegmatitic” appearance and passes downwards into normal 
crinanite, rather sharply. 

The base of the crinanite, in contact with the picrite layer, is a little finer 
grained than the rock in the interior of the crinanite layer (Table 3), but there 
is no significant chilled margin. It would appear that during the intrusion of the 
crinanite, the roof and floor rocks were sufficiently heated to preclude chilling 
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on any large scale, though cooling was sufficiently rapid from the intrusion as a 
whole to develop a relatively fine-grained texture throughout, and to prevent 
any significant sinking of the olivine crystals in the mass. 

Two chemical analyses of the crinanite in Nebo No. 6 bore were made by the 
Australian Iron & Steel Co., with the results shown in Table 2. One sample is 
taken from well up in the crinanite body, and the other from 4 inches above the 
sharply defined top of the picrite. As will be seen, the two specimens are 
chemically identical, except that the lower specimen contains 16 per cent more 
magnesia, and 0 7 per cent less alkalis than the higher specimen. This increase 
in MgO corresponds to the slight downward increase in femics noted for the 
micrometric analyses. The crinanite is a little more basic than the adjacent 
Cordeaux basalt (No. 4), containing less silica, alumina, and alkalis, and more 
magnesia and lime, but closely similar to the Robertson flow (No. 5). Its general 
resemblance to the type crinanite can be seen by comparison of analyses Nos. 1 
and 2 with Analysis A of Table 2. 

The Picrite 

From a depth of 291 feet downwards there is a layer of ultrabasic rock, here 
termed picrite, or perhaps better analcite-picrite. 

The picrite is coarsest grained in the 30 or so feet immediately beneath the 
base of the crinanite. It is a dark greenish-black rock, with a granular texture, 
and a tendency to be friable where the olivine is serpentinized (PI. II, fig. 2). It, 
consists essentially of plagioclase laths up to 4 0 X 10 mm., ophitic plates of 
titanaugite 5 0 X 5 0 mm., and abundant idiomorphic crystals of olivine up to 
4 0 X 1*5 mm. but mostly smaller, together with lesser iron ores, set in a matrix 
of abundant cryptocrystailine chlorite, analcite, zeolites, abundant apatite in the 
form of needles, and a little brown biotite and calcite. Commonly the rock has 
undergone severe deuteric alteration, and the olivine shows considerable alteration 
to serpentine, but with little or no precipitation of iron oxides, indicating the 
magnesian character of the olivine. The felspar is frequently replaced by analcite 
or zeolite or by chlorite. The chief zeolite is an optically positive variety, with 
a 2V about 45°, which indicates that it is heulandite or thomsonite. It tends to 
form veinlets in the plagioclase laths, and radiating clusters against the chlorite. 
The chlorite also, in some instances, shows a tendency to form radiating clusters. 
The analcite is generally abundant, and tends to form relatively large intersertal 
areas, as well as impregnate the felspar. 

The felspar is predominantly labradorite, about An 0 o, and shows a maximum 
extinction in the symmetric zone of about 35°. The quantity of felspar decreases 
somewhat in the first 30 feet below the upper surface of the picrite, and then 
increases again. The change is accompanied by a progressive decrease in grain 
size (Table 3), and a decrease in the proportions, and grain size of the olivine 
crystals and the titanaugite plates, leading to an eventual downward transition to 
a crinanite (Table 1) in all respects identical to that of the upper part of the 
intrusion. 

The olivine is a magnesia-rich variety. It occurs as idiomorphic crystals, 
showing little or no corrosion, frequently in polysomatic groups, or is poecilitically 
enclosed in the titanaugite. It commonly contains unequally distributed minute 
octahedra which may be magnetite or chromite. At some levels, and particularly 
near the top of the picrite layer, it tends to be more or less serpentinized, but in 
others it shows only marginal alteration, or is quite fresh. Where severely serpen- 
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tinized it has also been in part replaced by both chlorite and calcite, but this is 
not common. Where alteration has been severe, there is some tendency for the 
unaltered kernels of olivine in a single original crystal to be forced apart, and 
"groundmass” material thrust in between. 

The pyroxene is a titanaugite, generally deeper coloured towards the margins 
than in the cores of the crystals. It occurs as large platy, ophitic crystals, enclosing 
idiomorphic crystals of olivine, some iron ore, and commonly, laths of plagioclase. 
In addition there are small prisms of titanaugite, of deep colour, in the “ground- 
mass”. 

The iron ore consists chiefly of octahedra of magnetite up to 05 mm. across, 
but usually smaller, and shows a tendency to be fringed with a corona of biotite. 
This brown biotite also develops in seams of serpentine replacing the olivine. 

The analcite and the zeolites are concentrated in the upper 50 feet of the 
picrite intrusion, and below this level they rapidly decrease, the zeolites not 
occurring in the lower part. Chlorite also is most abundant in this upper zone, 
where it occurs as intersertal patches, and replaces the felspar. In the lower part 
of the picrite layer it tends to become rather more crystalline, and forms numerous 
radial aggregates, and columnar growths around the occasional patches of calcite. 
The apatite occurs as numerous coarse needles abundantly distributed through the 
analcite, and in the chloritic patches. 

The proportion of olivine increases downwards at the expense of the titanaugite 
and felspar in the upper part of the intrusion, reaching a maximum of about 46 per 
cent at a depth of about 325 feet, and then slowly declining again to about 40 per 
cent. Below 375 feet, this decline becomes more pronounced. The pyroxene is 
most abundant at the top of the picrite layer, where it is equal to the amount of 
pyroxene in the crinanite layers. It shows a slow downward increase to about 
325 feet, which marks the maximum concentration of ferromagnesians, and then 
a more rapid decline to less than 10 per cent. Below 372 feet, in the transition 
zone, it increases in amount rapidly, returning to 18 per cent in the basal crinanite 
layer. The plagioclase and related components decrease with depth to a minimum 
at about 325 feet, and then increase steadily to a maximum in the basal crinanite 
layer. 

These changes in composition are accompanied by a progressive downward 
decrease in grain size, from the coarse-grained picrite at the top of the layer, 
leading to a complete passage to typical crinanite at about 390 feet, as depicted 
in Figs. 2 to 4 of Plate II. 

In Tables 1 and 3 an attempt has been made to quantify these observations. 
Table 1 shows the relative proportions of olivine and titanaugite, and other 
constituents, in the rocks at successive levels in the intrusion. Table 3 shows, for 
the levels selected, (a) the approximate area of the largest grain of plagioclase, 
titanaugite and olivine observed in the thin sections, (b) the approximate area 
of the average grains of these minerals present. So few crystals of titanaugite are 
present in a single section that the range rather than the average size is shown. 
The areas given are arrived at by multiplying the two widths of the crystals 
measured at right angles to each other. 

I he basal crinanite, which resembles the upper crinanite in every respect, 
shows a chilled and deuterically altered contact with the underlying sediments at 
a depth of 398 feet. The chilled margin is split into two layers, each about one 
foot thick, by a narrow band of metamorphosed shale, presumably “rafted” off 
the floor during the intrusion process. 
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Three chemical analyses have been made of the picrite, with the results shown 
in Table 2, Analyses 6, 7, 8. One sample (No. 6) was taken from the top of 
the picrite body, two inches below its contact with the upper crinanite layer. The 
second (No. 7) came from the layer showing maximum concentration of the 
ferromagnesian minerals, at 323 feet, and the third (No. 8) came from a depth 


Table 1 

Micrometric Analyses showing proportions of Olivine and Titanangite relative to other 
Constituents in the Crinanite-Picriie Intrusion of Nebo No. 6 Bore. 


Rock 

Depth 

ft. 

Olivine 

% 

Titanaugite 

% 

Remainder 

% 

Crinanite 

141 

13-7 

16-7 

69-6 


175* 

13-5 

22-6 

63-9 


232 

17*6 

171 

65-3 


258 

181 

18-2 

63-7 


290 8in.* 

17-2 

22-4 

60-4 

Picrite 

291 2in.* 

38-1 

17-4 

44-5 


313 

40-0 

13-3 

46-7 


323* 

46-0 

15*2 

38-8 


333 

44-3 

9-9 

45-8 


364* 

41-2 

9-6 

49*2 


372 

401 

8-9 

51-0 

'T ransitional 

382 

27-3 

15 9 

56-8 

Crinanite 

392* 

18 5 

18-5 

630 


397 

120 

120 

760 


* chemically analysed rocks of Table 2. 


of 364 feet, in the lower part of the picrite proper. Their richness in magnesia 
and their paucity of lime and alumina emphasize the distinctness of the picrite 
from the crinanite. Of the three, analysis No. 7 shows the maximum contents 
of magnesia and total iron, as would be expected. The relatively high Feo0 3 
content of Nos. 6 and 8, compared to No. 7, is attributable to analytical error in 
Nos. 6 and 8. 

Comparison of these analyses with that of the picrite developed by differen¬ 
tiation in situ from a crinanite magma in the Garbh Eilean sill of the Shiant Isles 
(Table 2, Analysis B) shows that the analysis of the most olivine-rich horizon 
of the Nebo picrite, as represented by the rock at 323 feet depth (Analysis No. 7), 
closely resembles that of the Garbh Eilean picrite. 

The basal crinanite, at 392 feet, was analysed also. The analysis (Table 2, 
Analysis 3) resembles those from the upper crinanite layer. The basal crinanite 
has a slightly higher silica content and slightly lower magnesia and lime contents 
than the upper crinanite, and bears a closer resemblance to the analysed Cordeaux 
basalt (Table 2, Analysis 4) than does the upper crinanite. 

The Development of the Intrusion 

A number of factors suggest that this crinanite-picrite body resulted from 
two successive, but closely related intrusions. 

The downward passage from picrite to crinanite in the lower 100 feet of the 
sill is clear evidence that the two rocks are closely related in origin. The picrite 
would appear at first sight as an ultrabasic differentiate of the crinanite magma, 
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formed in situ by the sinking and accumulation of olivine above the floor of 
chilled crinanite. 

However, various features establish that this composite intrusion is not the 
product of differentiation in situ, namely:— 

(i) the relatively homogeneous nature of the crinanite layer forming the 
upper half of the laccolith, apart from the purely textural differences 
in its chilled upper surface. 

(ii) the abrupt change from typical unaltered crinanite to the much 
coarser grained, olivine-rich, and serpentinized picrite. The change 
is of the nature of a knife-sharp contact, with no trace of gradation. 

(iii) the absence of any layer above the picrite which would correspond 
to the felspar-enriched, olivine-impoverished magma that would be 
the necessary counterpart of the picrite layer. 

It is concluded, therefore, that the picrite is a differentiation product formed 
before the intrusion of the magma, and that the intrusion occurred in two stages, 
the first of which gave rise to the crinanite layer of the upper half of the laccolith, 
and a second which introduced the picrite layer. 

The absence of a chilled margin of the picrite against the upper crinanite 
layer, and the fact that it is at this contact that the picrite is coarsest-grained, 
suggests that the picrite layer was intruded at the base of the upper crinanite 
layer while the latter was still hot, but after it had solidified, because there was 
no mingling of magmas at the contact, and the volatile constituents that caused 
the deuteric alteration of the picrite did not penetrate the adjacent crinanite. There 
was, therefore, a short time interval between the two stages of intrusion. 

The simple picture of two successive intrusions is complicated, however, by 
the gradual downward transition of the picrite layer in the Nebo No. 6 bore, first 
to an increasingly basic phase and thence into typical crinanite, with a chilled 
margin against the underlying sediments. 

Two alternative pictures of the second stage of the intrusion can be advanced:— 

The less probable is that within the magma chamber where differentiation 
occurred, an original crinanite magma differentiated with the production of a 
localized layer of picrite, when the sequence of rocks within the chamber could 
have been as follows:— 

1 . crinanite magma (top) 

2 . a layer of magma enriched in felspathic constituents and impoverished 
in olivine 

3. picrite layer 

4. undifferentiated crinanite magma. 

The first intrusion drew off the upper layer of crinanite, plus possibly the felspathic 
differentiate, though this is not found in the bore. The second stage gave rise to 
an intrusion of picrite, followed up by some of the undifferentiated crinanite from 
below, thus giving the observed gradation of picrite downwards into crinanite. 

The more probable alternative is that the differentiation within the magma 
chamber of an original basaltic magma gave rise to a body of fluid crinanite in 
the upper part of the chamber, with a relatively thinner body of picrite formed 
below it by the sinking of early-formed olivine, and the upward displacement of 
an equivalent volume of undifferentiated basaltic magma. The first stage of 
intrusion drew off the bulk, but not all of the crinanite magma. 
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The second stage of intrusion, following soon after, introduced more 
crinanite at the base of the laccolith. As the overlying rocks (including the upper 
crinanite), were arched up, or lifted up, increasingly picritic magma following 
behind the crinanite forced its way in above this newly introduced chilled or 
rapidly solidified layer of crinanite, so that the order of superposition obtaining 


Table 2 

Chemical Composition of Crinanite and Picrite from Nebo Net. 6 Bore. 



1 

2 

3 

4 

5 

A 

6 

7 

8 

B 

SiO a 

44-8 

44-7 

46-35 

46-20 

44-57 

43-94 

40-2 

40-30 

41 1 

40-62 

A^O* 

15-6 

15-6 

15-91 

17-44 

15-30 

14-03 

9-0 

6-30 

10-9 

8-93 

Fe 2 0 3 

51 

5-0 

1-45 

1 - 30 

3-20 

1-95 

5-4 

4-12 

7-0 

0-57 

FeO 

7-2 

6-3 

9-95 

9-54 

7-83 

11-65 

8-6 

10-83 

6-4 

12-61 

MgO 

9-2 

10-8 

9-02 

7-38 

10-04 

10-46 

20-2 

24 • 95 

21-7 

26-31 

CaO 

10*3 

10-7 

8*29 

9-02 

10-00 

8-99 

6-2 

3-99 

4-8 

5-64 

Na 2 0 

2-7 

2-6 

3-58 

3-69 

1-94 

2-63 

2-4 

1-52 

2-3 

1 -32 

k 2 o 

1*9 

1-1 

1-68 

1 -10 

1 - 39 

0-33 

1-0 

0-80 

0-4 

0-13 

h 2 o+ 

0*5 

0-2 

0-11 

2-11 

3-21 

2-31 

1-0 

4-08 

0-8 

2-19 

h 2 o- 

0-5 

0-8 

1 -01 

0-09 

1-09 

0-85 

3-6 

1-44 

3-3 

0-61 

co 2 

n.d. 

n.d. 

tr. 

0-04 

0-01 

0-16 

— 

nil 

— 

0-03 

TiOo 

1*5 

1-5 

1-98 

1-30 

1-01 

2-45 

0-9 

1-28 

0-9 

0-82 

p 2 o 5 

0-4 

0-4 

0-53 

0-56 

0-41 

0-20 

0-2 

0-07 

0-3 

0-15 

MnO 

0-7 

0-9 

0-20 

0-17 

0-29 

0-32 

0-6 

0-35 

0-7 

0-39 

Cl 

nil 

nil 

tr. 

— 

0-01 

— 

— 

0-01 

nil 

0-01 

so 3 

nil 

nil 

tr. 

— 

nil 

— 

nil 

0-01 

nil 

— 

BaO 

— 

— 

— 

0-03 

0-05 

— 

— 

— 

— 

— 


100-4 

100-2 

100-06 

99-97 

100-43* 

100-04 

99-3 

100-06 

100-6 

100-36f 


*NiO 0 05 fNiO 0 03 

Cr 2 O a 0*01 

V 2 O s 002 


1. Crinanite at 290 ft. 8 in. (4 inches above picrite) in Nebo No. 6 Bore. 

Analyst: Aust. Iron & Steel, Ltd. 

2. Crinanite at 175 ft. in Nebo No. 6 Bore. 

Analyst: Aust. Iron & Steel, Ltd. 

3. Crinanite at 392 ft. (base of sill) in Nebo No. 6 Bore. 

Analyst : G. C. Carlos. 

4. Cordeaux basalt (analcitic-ophitic titanaugite basalt) \ mile east Wanyambilli Trig. 
Station. (Mem. Gcol. Sunt. NS.IV., No. 7, p. 289.) 

5. Robertson basalt (analsitic-olivine-basalt), 5 miles west of Jamberoo. (Mem. Gcol. Surv. 
NS.IV.. No. 7, p. 288.) 

6. Picrite at a depth of 291 ft. 2 in., Nebo No. 6 Bore. 

Analyst: Aust. Iron & Steel, Ltd. 

7. Picrite at a depth of 323 ft., Nebo No. 6 Bore. 

Analyst: G. C. Carlos. 

8. Picrite at a depth of 364 ft., Nebo No. 6 Bore. 

Analyst: Aust. Iron & Steel, Ltd. 

A. Crinanite, dyke, 1 mile north of Inver Cottage, Jura (Geology of Knapdale, Jura and 
North Kintyre, Mem. Gcol. Surv Scotland, 1911, p. 118). 

B. Picrite, south face of Garbh Eilean, at shingle beach, Shiant Isles (Quart. Jour. Geol. 
Jour., 1930, 85: 371). 
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Tables 3 


Comparative Grain Size of Crinanite and Picrite relative to depth in Neho No. 6 Bore. 

(100 units = 0-4225 sq. mm.) 


Rock 

Depth 

ft. 

Plagioclase 

Titanaugite 
(ophitic patches) 

Olivine 

Crinanite 

141 

28 

1,000 

280 



6 (av.) 

750 

150 (av.) 


258 

90 (rare) 

3,200 

800 



35 

2,400 

375 



6 (av.) 

150 (av.) 


290 8in. 

20 

2,400 

450 



6 (av.) 

1,400 

375 

150 (av.) 

Picrite 

291 2in. 

900 (freq.) 

6,300 

1,200 



600 (av.) 

5,850 

1,100 





150 (av.) 


291 8in. 

400 (freq.) 

4,000 

1,000 



200 (av.) 

2,625 

750 

150 (av.) 


313 

200 (occ.) 

4,500 

1,260 



30 

3,000 

1,200 





300 (av.) 





35 


323 

200 (occ.) 

4,400 

1,500 



20 (av.) 

4,200 

650 



(altered) 

3,600 

750 

300 (av.) 





50 


333 

20 

2,500 

450 



S (av.) 

2,400 

385 

350 

300 (av.) 


344 

500 (rare) 

2,400 

600 



20 

1,500 

500 



6 (av.) 

ss <-> 


354 

240 (occ.) 

2,925 

600 



50 

2,700 

160 (av.) 



40 

10 (av.) 

1,750 

» 


364 

20 

1,500 

900 



6 (av.) 

1,200 

680 


372 


1,000 

150 (av.) 


45 

1,500 

500 



6 (av.) 

900 

88 (av.) 

Crinanite 

392 

18 

600 

530 



6 (av.) 

400 

270 

150 (av.) 


* 



56 


within the magma chamber was reversed within the laccolith, much as the order 
of superposition obtaining in a magma chamber is reversed when differentiated 
layers of magma are extruded. In this way the most basic picrite intruded was 
brought uppermost, into contact with the previously intruded, and still hot, upper 
crinanite layer. Sufficient fluidity remained after intrusion to permit some gravita- 
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tional differentiation in situ, as a result of which olivine in the olivine-rich picrite 
layer now at the top of the column began to sink back towards the crinanite 
below it. This resulted in some concentration of olivine a little distance below the 
upper picrite contact, where the felspar, at least, occurs as distinctly smaller 
crystals than the felspar close to the upper contact, and would explain the peculiar 
downward decrease in amount of pyroxene in the picrite. This picture 
of the second stage of intrusion removes the necessity to postulate a felspathic, 
olivine-poor counterpart of the picrite—a rock not encountered in either the 
Nebo No. 6 or the Nebo No. 7 bores. 

The crinanite-picrite intrusion of Nebo No. 7 Bore 

The Nebo No. 7 bore which is a mile south-east of the No. 6 bore (Fig. 1 ), 
intersected a composite intrusion 40 feet thick at a depth of about 317 feet 
(R.L. 719 ft.), and 3 feet above the No. 2 coal seam, on a horizon about 50 feet 
stratigraphically lower than the intrusion cut in the No. 6 bore. 1 he Nebo No. 7 
intrusion consists of an upper layer, 12 feet thick, of crinanite, and a lower layer, 
27 feet 6 inches thick, of picrite. The contact between the two layers is at 329 feet 
6 inches depth and is a knife-sharp contact, as in the Nebo No. 6 intrusion. 
Samples of the two layers from immediately above and below this contact were 
examined. The rocks appear identical with those in the Nebo No. 6 intrusion, 


Table 4 

Micrometric Analyses of Crinanite and Picrite in Nebo No. 7 Bore. 



Olivine 

Titanaugite 

Remainder 

Crinanite 

16*4 

16-4 

67-2 

Picrite 

39-2 

10-6 

50-2 


Table 5 

Chemical Composition of the Crinanite and Picrite in the Nebo No. 7 Bore. 



Crinanite 

Picrite 

Si0 2 

4616 

39-86 

ai 2 o 3 

15 44 

8-73 

Fe 2 03 

308 

3-39 

FeO 

81-72 

9-62 

MgO 

9 57 

23-00 

CaO 

8-93 

4-40 

Na 2 0 

2-38 

1*88 

KaO 

1-46 

0-49 

H 2 0 + 

0-05 

2-73 

H 2 0“ 

109 

4-26 

C0 2 

nil 

nil 

TiO,. 

2-51 

1 22 

P 2 0c 

0-51 

0-06 

MnO 

0-32 

0 22 

Cl 

0-10 

0-10 

S0 3 

010 

010 


100-06 

100-06 


Analyst: G. C. Carlos. 
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and no detailed petrographic description is called for. Micrometric analyses 
showing the proportions of olivine and titanaugite were made for comparison 
(Table 4). 

Chemical analyses of these two rocks, from immediately above and below the 
contact at 392 feet 6 inches are given in Table 5. The crinanite layer is generally 
similar in composition to that of the crinanite in the Nebo No. 6 bore, and 
particularly similar to the basal crinanite layer. The composition of the picrite is 
intermediate between those of the analysed specimens of picrite at 323 feet and 
364 feet in the Nebo No. 6 bore. 

The composite intrusion in the Nebo No. 7 bore may represent the thinned 
edge of the intrusion cut in the Nebo No. 6 bore, but it is more likely that it is 
an independent composite intrusion, because it occurs at a lower stratigraphic 
than the Nebo No. 6 intrusion. Moreover, if it is part of the Nebo No. 6 intrusion,- 
the intrusive body must have a very narrow elongated form, in view of the different 
nature of the intrusions cut by the Wonga Willi No. 8 bore, which lies closer to 
the Nebo No. 6 bore, and in the Nebo Nos. 1,2 and 3 bores, which are adjacent to 
the Nebo No. 7 bore (Fig. 1). 

The intrusions in the Wongawilli No. 8 Bore 

The Wongawilli No. 8 bore intersected two separate intrusions separated by 
65 feet of Narrabeen sediments. The upper intrusion, which was met at 70 feet. 
(R.L. 1,107 feet), was 100 feet thick, and in the hand specimen appeared 
identical with the crinanite layers of the Nebo No. 6 and Nebo No. 7 bores. This 
is confirmed by thin sections. The lower intrusion, which is 65 feet thick, was 
met at a depth of 235 feet (R.L. 942 feet), and in the hand specimen closely 
resembles the picrites of the Nebo No. 6 and Nebo No. 7 bores, but thin sections 
reveal that it is not a picrite, and actually contains less olivine and pyroxene than 
the overlying crinanite (Table 6). The lower intrusion is 88 feet 6 inches above 
the floor of the No. 1 seam, and 199 feet above the base of the No. 3 seam. The 
upper intrusion is on a horizon 152 feet above the floor of the No. 1 seam. 


Table 6 

Micrometric Analyses of the Upper and Lower Intrusions in the IVongaunlli No. 8 Bore. 



Olivine 

Titanaugite 

Remainder 

Upper intrusion 

18-9 

20-9 

60-2 

(crinanite) 




Lower intrusion 




(close to top) 

14-7 

131 

72-2 

(deeper) 

15-3 

120 

72-7 


The resemblance of the lower intrusion to the picrite, in hand specimen, arises 
from its relatively coarse texture, and the altered condition of its olivine. It 
contains an abundance of analcite, patches of fibrous zeolite, an abundance of pale 
green micro- to crypto-crystalline chlorite, and some calcite. The olivine is almost 
completely altered to serpentine, and the felspars are, to a considerable degree, 
replaced by analcite and chlorite. It is best described as an analcite-olivine-titanaugite 
dolerite, and is closely akin to a crinanite. 
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A chemical analysis (Table 7, No. 1) shows it to contain more alumina and 
soda, and less magnesia and lime, than the crinanites proper (Table 2), as would 
be expected from the micrometric analyses (Table 6). It seems likely that this 
rock represents a somewhat olivine-impoverished differentiate of the magma that 
gave rise to the picrite, and that the two are related in origin. 

The intrusion in the Nebo No. 8 Bore 

In the Nebo No. 8 bore a basic sill 23 feet thick was encountered at a depth 
of 403 feet (R.L. 693) in the centre of the No. 2 coal seam, which is cindered. It 
is 28 feet below the floor of the No. 1 seam, and 74 feet 6 inches above the base 
of the No. 3 seam. The top and bottom contacts are each about 18 inches thick 
and consist of a chilled, bleached, basaltic rock. The core of the sill is medium to 
coarse-grained, and in hand specimen resembles the picrite from the Nebo Nos. 6 
and 7 bores, and the lower intrusion from the Wongawilli No. 8 bore. A series 
of thin sections over 2-foot intervals, reveals that the intrusion is an analcite- 
olivine-dolerate of uniform composition. It consists of idiomorphic phenocrysts 
of olivine, up to TO mm. long, but generally smaller, set in a groundmass of 
ophitically intergrown titanaugite and labradorite, iron ore, chlorite and analcite. 
The olivine crystals tend to occur in clusters, and to be enclosed in the titanaugite. 


Table 7 

Chemical Compositions of Intrusions in the IVongawilli No. 8 and the Nebo No. 8 Bores. 



1. 

2. 

SiOa 

44.40 

42-45 

Ab03 

16-49 

14-40 

Fe-Oa 

3-67 

4-46 

FeO 

6.28 

6-54 

MgO 

7-97 

9-34 

CaO 

7-98 

7-00 

Na 2 0 

3.61 

3-41 

K*0 

1-38 

M2 

H 2 0 + 

4-48 

6-84 

h 2 o- 

1.87 

2-57 

C0 3 

nil 

nil 

TiO* 

1 -83 

1-78 

P 2 O 5 

0-34 

0 22 

MnO 

0.25 

0-28 

Cl 

0-01 

0-01 

S0 3 

0-01 

0-01 

1 » 

100-57 

100-43 


1. Wongawilli No. 8 Bore, lower part of lower Intrusion. 

2. Nebo No. 8 Bore, at 418 feet. 

Analyst : G. C. Carlos. 


and are almost completely altered to serpentine. The titanaugite forms ophitic 
areas up to 2 5 mm. across, and is generally fresh and deep purple, but in the 
bleached rocks at the contacts is altered to chlorite, iron ore and (?) sphene. The 
labradorite occurs as laths and plates about TO mm. long or smaller, and the 
iron ore forms octahedra up to 0 5 mm. across, and is mostly magnetite. 
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Analcite is abundant, filling interstitial areas up to 10 ram. across, and replacing- 
felspar. Some zeolitic material has been introduced, and some areas adjacent to 
the serpentinized olivines consist of pale green micro- to crypto-crystalline 
chloritic material. A little calcite is present in the bleached specimens. The 
alteration of the olivine and the felspar are late-stage changes accompanying the 
solidification of the rock. No accumulation of olivine by sinking has occurred, 
despite the relatively coarse texture of the interior of the sill, presumably because 
the olivine is so inter-grown with the ophitic titanaugite. 

The rock closely resembles the lower of the two intrusions in the Wongawilli 
No. 8 bore, both as regards composition, grain size, and serpentinization of the 
olivine. Micrometric analyses reveal similar proportions of olivine and titanaugite 
in the two intrusions (Table S), and a chemical analysis (Table 7, Analysis No. 2) 
confirms their general similarity, but shows the Nebo No. 8 rock as containing a 
little more magnesia, and less lime than the Wongawilli No. 8 rock, which accords 
with the micrometric analysis. 


Table 8 

Micrometric Amlyses of the Nebo No. 8 Bore Intrusion, and the Loiver Intrusion of the 

Wongawilli No. 8 Bore 



Olivine 

Titanaugite 

Remainder 

Nebo No. 8 
(418 feet) 

15 8 

12-6 

71-6 

Wongawilli No. 8 
(lower intrusion) 

15*3 

120 

72-7 


Analcite-olivine-dolerite in Nebo No. 3 Bore 

The Nebo No. 3 bore intersected an intrusion of analcite-olivine-dolerite, 
12 feet thick, at a depth of 216 feet 6 inches, one foot below the floor of the No. 2 
Coal Seam, which is cindered, and 72 feet above the floor of the No. 3 Seam. 
This dolerite closely resembles that cut in the Nebo No. 8 bore, at about the 
same horizon, but could scarcely be continuous with it, in view of the different 
composition of the intrusions in the more nearly adjacent Nebo Nos. 1, 2 and 7 
bores (Fig. 1). 

A specimen from 226 feer is a coarse-grained analcite-olivine-dolerate, con¬ 
sisting of idiomorphic crystals of altered olivine and fresh titanaugite in a coarse 
intergranular groundmass of plagioclase laths, abundant intersertal analcite, small 
grains of magnetite, and shreds of basaltic hornblende and aegirine-augite. The 
olivine is completely altered to serpentine (antigorite) and granules of magnetite 
that have aggregated in the grain boundaries of the olivine. 

The titanaugite shows slight marginal alteration to green aegirine-augite where 
it is in contact with areas of analcite, and occasional small grains of aegirine-augite 
occur within the analcite areas. Small blades of strongly pleochroic basaltic 
hornblende are associated with the primary magnetite grains, and with the 
altered olivine in the vicinity of the analcite areas. The felspar is labradorite, 
with an extinction angle of about 25° or greater (in the symmetrical zone). In 
places it is slightly replaced by carbonate and micaceous substances, or invaded 
by chlorite or serpentinous material derived from the altered olivine crystals, but 
the bulk of it is fresh. 
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Crinanite in the Nebo No. 5 Bore 

The Nebo No. 5 Bore cut a 9 foot thickness of basaltic rock, with an upper 
and lower chilled contact, between 614 and 623 feet (R.L. 792 and 783 feet). 
Its base is 3 feet above the top of the No. 1 Seam, and 12 feet above the floor of 
this coal seam. 

The rock is an analcite-olivine-titanaugite-basalt, with corroded phenocrysts of 
fresh olivine up to 5 0 mm. long, set in a groundmass of titanaugite in plates up 
to 10 mm. across, ophitically intergrown with analcitized plagioclase laths and 
small, more or less idiomorphic crystals of olivine about 01 mm. across, and 
rather coarser magnetite. It bears a close resemblance to the crinanite layer of 
the Nebo No. 6 bore intrusion. 

The Cordeaux Flow 

To the west of the area drilled, there is an extensive outcrop of basaltic rock 
(Fig. 1 ) described by Harper (1915) as the Cordeaux Flow. This basalt occurs 
on much the same stratigraphic horizon as the sills encountered in the Nebo No A 
and Wongawilli No. 8 bores. 


Table 9 

Micrometric Analyses showing the amounts of olivine and pyroxene in the Cordeaux basalt 



Olivine 

% 

Titanaugite 

% 

Remainder 

% 

Cordeaux Basalt 



- - 

Specimen No. 1 

19 6 

150 

64-4 

Specimen No. 2 

17 6 

19 4 

630 

Specimen No. 3 

18-7 

19 4 

61 9 

Wongawilli No. 8 Bore 




Crinanite 

18 9 

20-9 

60-2 


Three samples from the flow were examined. Their localities are:_ 

(1) lowest outcrop point below the No. 2 Cordeaux Dam 

(2) outcrop below the bridge below No. 1 Cordeaux Dam 

(3) specimen containing a vein from below the bridge below Ponton’s 
house. 

Thin sections of these specimens reveal that it is an analcite-titanaugite- 
dolerite, or crinanite, a little coarser-grained than the crinanites in the intrusions, 
but not otherwise distinguishable from them. The analysis of the rock given by 
Harper (Table 2, Analysis No. 4) shows that it is slightly more felspathic than 
the crinanite in the Nebo No. 6 bore, and the type crinanite of Jura; but not 
greatly different in other respects. Micrometric analyses (Table 9) show that 
the proportions of olivine and augite are generally similar. 

The “vein” in Specimen No. 3 is of the nature of a seam of “crinanite- 
pegmatite”, without sharp walls. It consists of prisms of titanaugite 10 X 3 x 4 
mm., plates of labradorite 3X3X1 mm., iron ores about 1 X 1 mm ., and occa¬ 
sional crystals of olivine, about 2 X, 2 mm. in a fine-grained groundmass composed 
of rod-like skeletal crystals of olivine, often in parallel clusters, radial growths of 
felspar microlites, a little prismatic titanaugite, minute blades of brown biotite, 
seams and patches of radial zeolite, probably natrolite, and abundant analcite. In 
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occurrence and general character, it resembles the seams of “pegmatitic detente’’ 
found in the Jurassic dolerite intrusions of Tasmania. Such “pegmatite” would 
not be expected to develop in a basalt flow; and if at all common, would support 
the possibility that the Cordeaux “flow” is an exposed sill. 

Monchiquites of the Nebo No. I Bore and the Nebo Sills 

The Nebo No. 1 Bore intersected a 5 foot thick sill at 184 feet (R.L. 745 
feet) immediately below the No. 1 Coal Seam, which is coked at the base, and 
a 27 foot thick sill at 207 feet (R.L. 702 feet), forming the roof of the No. 2 
Coal Seam, which is cindered. The lower sill is 80 feet above the base of thef No. 3 
Coal Seam, and the upper sill is in a horizon 18 feet higher still. 

Specimens from 209 feet and 226 feet reveal that the lower sill is a fine-grained 
monchiquite, consisting of minute prisms of titanaugite and granules of magnetite, 
which form a dense felted intergrowth, with only traces of felspar. Occasional 
microphenocrysts of titaniferous augite occur throughout this groundmass, and 
where a band of carbonate and analcite, about 1 mm. wide, crosses the rock, the 
place of the pyroxene prisms is largely taken up by lath-like prisms of basaltic 
hornblende. 

The upper sill is an altered monchiquite consisting of chloritic pseudomorphs 
after occasional microphenocrysts of pyroxene, sparsely distributed through a 
dense groundmass which shows something of the texture of the groundmass in 
the lower monchiquite. 

The nearby Nebo No. 2 bore cut a basic intrusion 16 feet thick, lying directly 
on the No. 2 Coal Seam, at a depth of 138 feet (R.L. 747 feet). The top of this 
intrusion is 31 feet below the floor of the No. 1 Coal Seam, and its floor is about 
80 feet above the base of the No. 3 Seam. In the absence of specimens it ?s 
uncertain whether this intrusion is a continuation of the lower monchiquite sill 
of the No. 1 bore, or of the dolerite occurring beneath the No. 2 Coal Seam in 
the No. 3 bore. 

Harper and Card (1915, pp. 343-345) describe three thin sills of monchiquite 
(fourchite) in the Permian sediments of Mount Nebo proper. The lowest of 
the three, which occurs at R.L. 360 feet, has a thickness of 30 feet in its central 
part, and thins rapidly away from this point. It can be traced at the surface for 
three and a quarter miles around the mountain. It is mostly fine-grained, with 
local coarse-grained patches which contain hornblende crystals up to an inch 
long. It consists essentially of hornblende and titanaugite in a dusky, more or 
less isotropic groundmass. 

A second sill occurs 300 feet higher up, in contact with the No. 5 Coal Seam, 
and is completely altered and bleached. In places, however, it is separated from 
the coal seam by as much as 10 feet of sediments, when it is unaltered. The 
unaltered rock closely resembles the lowermost sill in composition. It is 3 to 4 
feet thick and can be traced at the surface for somewhat over a mile. 

The third sill is 50 feet higher, and just below the No. 4 Coal Seam. It 
outcrops for three-quarters of a mile, with a thickness of 30 feet, and is abruptly 
terminated at either end. 

Analyses of the middle and top sills from Mount Nebo are quoted in Table 10. 
A point of interest is the low magnesia content of both analyses, which corresponds 
with the absence of olivine from these rocks. The low silica content, in conjunction 
with high lime and high alkalies, suggests that these rocks are related more directly 
to picrites than to the crinanites or dolerites. They could be pictured as 
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developing from the picrites by the complete sinking of olivine and labradorite 
from that rock, leaving a concentration of pyroxene constituents and alkalies. 
Something comparable with such a process is indicated by some of the monchiquite 
dykes at Bendigo and Castlemaine in Victoria, where thin fine-grained monchiquite 
dykes are found carrying numerous clots of olivine, or olivine and labradorite 
up to six or eight inches across. 


Table 10 

Chemical Analyses of Monchiqnites from Mount Nebo and the John Darling Teschenite Dyke 




B 


Si0 2 

ai 2 o 3 

Fe 2 0 3 

FeO 

MgO 

CaO 

Na 2 0 

k 2 o 
h 2 o+ 
H a O — 
co 2 

TiO t 

p*o 6 

MnO 

BaO 

SrO 

Cl 

S0 3 

S 

V 2 O s 

ZrO a 

NiO 

Li a O 


41-72 

16-87 

5-90 

3- 87 

4- 23 
10-32 

4-99 

2- 73 

3- 67 
0-45 
2-54 
1-70 
0-85 
0-15 
0-13 
0-03 
0-03 
nil 
nil 
0-02 
nil 
0-04 
nil 


40-62 

13-62 

7-05 

6-07 

5*71 

10-05 

2-23 

2-48 

4-58 

4-58 

0-71 

2-30 

1-16 

0-08 

1-46 

tr. 

nil 

0-38 

Oil 

0-06 

nil 

nil 

tr. 


41-88 

14-14 

5- 78 

6- 56 
6-61 

10-07 

4-36 

2-28 

3-59 

0-93 

0-35 

3-05 

0-30 

0-18 

n.d. 

n.d. 

0-01 

nil 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 


7-93 

4-82 

10-16 

4-00 

1- 98 

2- 73 
0-27 

3- 14 
1 •« 7 
0-20 

n.d. 

nil 

0-05 

0-37 

0-10 

nil 

n.d. 

n.d. 

nil 


41-10 

14-82 

2- 35 
10-38 

9-43 

10-56 

3- 94 
1-28 

2- 31 
0-39 
0-26 

3- 20 
0-19 
0-14 
0-06 
tr. 
tr. 

0-09 

nil 

tr. 

n.d. 

tr. 

tr. 




1 . Monchiquite, middle sill, Mount Nebo (J. C. H. Mingay e, Mem. Geot. Surv. NSW., 
No. 7). 

2. Monchiquite, top sill. Mount Nebo (W. H. Stone, Mem. Gcol. Surv. N.S.W., No. 7). 

3. Teschenite dyke (Big Dyke) at 4 West Junction, John Darling Colliery. Analyst: G. C. 
Carl° s . 

A. Teschenite. from Paskau, 25 km. W. of Teschcn, Mahren, Silesia (A. Johannsen. A 
Descriptive Petrography of the Igneous Rocks, Vol. 4, p. 229). 

B. Analcite basalt dyke, i mile WNW. Fernhill Station (G. W. Card, J. C. H. Mingaye 
and H. P. White, Rec. Geol. Surv. NSW., 7 (1902) : 97). 


The tendency for these monchiquites to develop basaltic hornblende, especially 
in local coarse-grained areas, or in the presence of calcite and analcite, suggests 
a genetic relationship between the monchiquites and hornblende rich rocks like 
the teschenite forming the 60 ft. wide Big Dyke in the main heading of the John 
Darling Colliery in the Newcastle coalfield, in close proximity to a smaller 9 ft. 
thick monchiquite dyke. 

This teschenite dyke has chilled margins from two to three feet wide on 
either wall against the coal seam (Borehole seam), and is strongly bleached and 
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altered at the contact, while the coal is coked for about 10 feet from the contact, 
and over the next ten feet shows crumpling and is partly carbonized. 

The core of the dyke is a medium-grained rock consisting essentially of basaltic 
hornblende, titanaugite, labradorite, analcite, magnetite and apatite, in the propor¬ 
tions shown in Table 11. 


Table 11 


Micromctric Analysis of Teschenite forming 
the Big Dyke, John Darling Colliery 


Hornblende 

18*3 

Titanaugite. 

20-0 

Magnetite .. 

5.0 

Labradorite (analcitized) .. 

44.5 

Analcite (clear) 

110 

Apatite. 

1*2 


The basaltic hornblende occurs as idiomorphic prisms, up to 15 X 0 75 mm., 
but generally a little smaller. It shows practically straight extinction, and occurs 
as free crystals, or as crystals moulded on the titanaugite crystals. It tends to be 
slightly replaced by chlorite, and in places by zeolitic material, along its cleavages. 

The titanaugite is a brownish-violet variety, occurring as idiomorphic stumpy 
prismatic crystals, about 0 5 X 0 75 mm., with some tendency to occur in clusters. 
It encloses occasional serpentinized grains of olivine, and crystals of magnetite. The 
magnetite occurs as octahedra and skeletal crystals up to 1*0 X 10 mm. Blades 
of ilmenite are intergrown with it in a lattice pattern. These crystals are enclosed 
in or between coarse plates of cloudy, analcitized labradorite, up to 4 0 X 10 X 10 
mm., and pools of clear analcite. Felspar, hornblende and analcite are all studded 
with needles of apatite, about 0 2 mm. long and 0 01 mm. across. No apatite 
occurs in the titanaugite. 

In addition the rock contains a little calcite, typically associated with the 
analcite pools, and occasionally with the chlorite in the hornblende, and a little 
colourless zeolite, with a biaxial negative figure, and 2V about 60°, so that it is 
presumably natrolite. A chemical analysis of the teschenite is given in Table 10, 
where it may be compared with that of a teschenite from Paskau, 25 km. west 
of Teschen, Mahren, Silesia, one of the original teschenites. The John Darling 
rock contains rather more magnesia, but even so, the rocks are closely similar. 
I he general resemblance of the John Darling teschenite to the Mt. Nebo mon- 
chiquites is equally apparent. In addition it show's considerable resemblance in 
chemical composition to a dyke of analcite basalt (Table 10, B), near Fernhill 
Station, described by Card, Mingaye and White (1902), despite a complete 
absence of hornblende from the analcite basalt. 

The close association in space and time of the various basalts, picrites, mon- 
chiquites, and teschenite, indicates that they were derived from a common source 
tflagma. 

The numerous xenoliths and xenocrysts of basaltic hornblende in such rocks 
as the analcite-basalt sill of the Bulli Colliery (Harper and Card, 1915) are 
Evidence that differentiation tended towards the development of rocks like the 
John Darling teschenite at a number of points within the region, presumably 
^thin small cupola-like projections above the main magma chamber. These 
hornblende crystals subsequently sank into, or were otherwise caught up in, less 
differentiated magma in which they were no longer in equilibrium. 
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The adjacent monchiquite dyke, which is 9 feet wide, has a parallel strike 
to the teschenite dyke, and consists of idiomorphic phenocrysts of olivine, up to 
3 mm. long, but mostly 1 to 15 mm. long, and occasional phendcrysts of pale 
violet augite, about 0*75 mm. across, set in a groundmass of abundant prismatic 
crystals of pale violet titanaugite, and associated brown hornblende, in places 
moulded on or enclosing the titanaugite prisms, together with a very small amount 
of plagioclase, in interstitial positions, and some analcite, numerous fine needles 
of apatite, and small octahedra of magnetite. The olivine is largely altered to 
serpentine, with residual kernels of olivine, and in places has been largely replaced 
by calcite, which has invaded the rock generally. 

Composite Intrusions in the Mount Murray No. I Bore 

The Mount Murray No. 1 Bore, in M.L. 11, Parish of Wongawilli, Camden 
Co., which is about 9 miles S.W. of Nebo No. 1 Bore, has revealed the presence 
of related intrusions in this part of the Southern Coalfield. The bore, which 
penetrated to a depth of 1,247 feet below its collar, at R.L. 1,760 feet, intersected 
eight separate basaltic intrusions between the depths of 336 feet 6 inches and 
1,003 feet (Table 12). The upper five intrusions, which include one which is 
80 feet thick, and one 54 feet thick, are intercalated with sediments of the 
Narrabeen Series (Triassic). The lower three, of which the lowest is 16 feet 
thick, lie in the Permian Coal Measures. The lowest sill has cindered the Wonga¬ 
willi or No. 3 coal seam. 

The upper group of intrusions consists of titanaugite basalts and dolerites, all 
distinctly poor in olivine, in contrast to the lowest intrusion, which is olivine-rich. 

The 80-foot Composite Intrusion 

The 80-foot thick intrusion, extending from 381 feet to 466 feet, is composite. 
From its chilled top at 381 feet to 387 feet it consists of a coarse-grained titanaugite 
dolerite, with a few small crystals of chloritized olivine. A specimen from 388 
feet consists of an inclusion or zenolith of this coarse-grained dolerite in a dense, 
fine-grained (chilled) titanaugite-analcite basalt, also poor in olivine. It is 
possible that the relationship is reversed, and that the specimen represents a 
xenolith of the basalt caught up in the dolerite. 

Specimens of this basalt from 400 feet and 410 feet are somewhat coarser 
grained than the chilled rock at 388 feet, but are finer grained than, and texturallv 
distinct from, the dolerite above. 

A specimen from 411 feet 6 inches is an extremely coarse-grained titanaugite 
dolerite, in which the titanaugite prisms and plagioclase laths are 2 to 3 mm. 
long, and up to 0 5 mm. across. This is possibly a pegmatitic phase of the basalt, 
or part of the dolerite which the basalt has intruded. The next deeper specimens 
available, from 434 feet and 444 feet, are identical with the medium-grained 
titanaugite basalt at 410 feet depth. 

The next deeper specimens, from 448 feet 6 inches and 453 feet, are both 
coarse-grained titanaugite dolerites, practically identical with the dolerite at 387 
feet. At 461 feet this rock gives place to the chilled top of a relatively fine-grained 
titanaugite basalt, represented by specimens from 461 feet 6 inches (the chilled 
top) and 465 feet 6 inches. This lowest intrusion is generally similar to the 
titanaugite basalt occurring between 388 feet and 448 feet. 
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Chemical analyses of the coarse titanaugite dolerite from 387 feet, and the 
underlying titanaugite basalt from 410 feet, are shown in Table 14, Nos. 1 and 2. 
Both have notably high CaO contents, and relatively low MgO contents, reflecting 
their relative paucity in olivine, but the basalt from 410 feet is distinctly poorer 
in MgO than the dolerite. They tend also to be low in total iron content. The 
richness in TiOo relates to their abundant content of titanaugite. 

The high CaO and low MgO, in some respects, parallels the composition of 
the Nebo monchiquites (Table 10). 

The 54-foot Composite Intrusion 

After passing through only 5 feet of fine-grained sandstone and shale, the 
bore entered a second composite intrusion, at 471 feet. From 471 feet to about 
500 feet it passed through an intrusion of titanaugite dolerite, which shows a 
fine-grained chilled top at 471 feet, grading downwards into relatively coarse¬ 
grained rock (480 feet), that passes back to a chilled lower margin between 490 
feet and 500 feet. The coarse-grained rock in the central part of the intrusion 
consists of abundant idiomorphic crystals of titanaugite, from 0 5 to 10 mm. 
across, partly altered plagioclase laths of similar dimensions, a number of smaller 
chlorite pseudomorphs after olivine, and coarse crystals of magnetite with inter- 
grown ilmenite, set in a base of chlorite, clear analcite, irregular patches of calcite, 
and occasional coarse crystals of analcite. At 500 feet there is a thin band of 
sandstone, and below this is a 25-foot thick sill of titanaugite basalt, relatively 
poor in olivine, with chilled margins above and below a more coarsely crystalline 
central portion. 

The 16-foot Picritic Sill 

The only other intrusion of any thickness is the lowermost, extending from 
987 feet to 1,003 feet, at the horizon of the Wongawilli or No. 3 coal seam, which 
is represented by bands of cindered coal above the intrusion. This is an olivine-rich 
rock, which, as may be seen from the micrometric analyses of Table 13, closely 
resembles the rock from 382 feet in the Nebo No. 6 Bore, intermediate between 
the picrite and the lower crinanite layers of that bore. It has a comparable coarse 
texture. Deuteric alteration has serpentinized much of the olivine, and analcite 
has replaced much of the plagioclase. Magnetite-ilmenite crystals, which are 
relatively coarse-grained, constitute about 3 per cent of the rock, and coarse 
needles of apatite are numerous. 

A chemical analysis of a sample from 996 feet is shown in Table 14, No. 3. 
Comparison of this analysis with the analyses of the No. 6 picrite, shows, as 
anticipated, that it is intermediate, in composition between the picrite and the 
basal crinanite, though tending strongly towards picrite. 

The analysis contrasts strikingly with those of the MgO-poor rocks in the 
381-466 foot intrusion. 

The Thin Intrusions 

As indicated in Table 12, the other five intrusions are 1 foot 7 inches, 6 feet 
5 inches, 6 inches, 12 inches and 12 inches thick, respectively. They may represent 
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very thin intrusions branching off from the same conduits as some of the thicker 
intrusions, or they may represent the thin extremities of interfingered intrusions 
which are thicker elsewhere. 

Table 12 


Intrusions in the Mount Murray No. 1 Bore 



Thickness 

Depth 

R.L. of 

Base 


ft. 

in. 

ft. in. 

ft. 

in. 

Fine-grained titanaugite basalt with 

1 

7 

336 5 



very little olivine 



to 

338 0 

1,422 

0 

Titanaugite olivine basalt, much 

6 

5 

339 4 



altered and calcitized 



to 

345 9 

. 1,414 

2 

Composite intrusion of 






(i) titanaugite dolerite 

80 

1 

385 11 



(ii) analcite titanaugite olivine 



to 



basalt 



466 0 

1,294 

0 

Composite intrusion of 






(i) titanaugite dolerite, separated 

54 

6 

471 1 



by a band of sandstone at 500 



to 



feet, from (ii) a fine-grained 
titanaugite basalt 



525 7 

1,234 

5 

Glassy basalt 

0 

6 

609 6 






to 

610 0 

1,150 

0 

Bleached glassy basalt 

1 

0 

887 7 
to 

888 ' 7 

871 

5 

Glassy basalt 

1 

0 

969 7 
to 

970 7 

789 

5 

Olivine-rich analcite olivine dolerite, 

16 

1 

986 9 



or kylite, similar to the picrite- 



to 



crinanite transition rock in Nebo. 
No. 6 Bore, at 382 feet. 



1,002 10 

757 

2 


Differentiation 

As in the Nebo area, the magma giving rise to these intrusions had undergone 
differentiation before intrusion occurred. The impression is gained that the various 
rocks between 381 feet and 525 feet constitute a composite or multiple intrusion 
of rock types of generally similar chemical composition, all with an abundance of 
titanaugite and a paucity of olivine. In vie\v of the related, but olivine-rich, 
character of the lowest sill, it seems likely that the magma differentiated into an 
olivine-poor upper layer, and an olivine-rich layer prior to intrusion, and was then 
injected in a series of pulsations, sufficiently spaced in time to permit the chilling 
of the previously intruded magma. 

The intrusions all appear to have the form of sills, and can be expected to be 
of variable lateral extent, with a possible interfingering of intrusions that rose up 
separate, but not unduly widely spaced, conduits, a repetition of the conditions 
in the Nebo area. 
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F,(i. I. Upper crinanite, from 290 ft. 8 in. in Nebo Xo. 6 Bore (Analysis No. 1. Tabic 2). 
Ordinary light, x 2 d. 

F ' <: - 2 — Cparse pic rite, from 291 ft. 2 in. (6 i„. below Xo. 1), in Nebo Xo. C Bore (Analysis 
Ao. 6, I able 2). Ordinary light, x 25. 

1-IG. 3.— Picritc from 364 ft. in Xebo Xo. 6 Bore (Analysis Xo. 8, Table 2). Ordinary 
light, x 2d. ’ 

Flc " 4 --Cower crinanite, from 392 ft. in Xebo No. 6 Bore (Analysis No. 3, Table 2). 
Ordinary light, x 2d. 
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Table 13 

Micrometric Analysis of Lowest Intrusion in Mount Murray No. 1 Bore 


29 



Olivine 

Titanaugite 

Remainder 

Mount Murray 

996 feet 

28-0 

15.2 

56-8 

Mount Nebo No. 6 

382 feet 

27-3 

15 9 

56-8 


Table 14 


Composition of Intrusions in the Mount Murray No. 1 Bore 



1 . 

2. 

3. 

SiO* 

42-52 

44-89 

41-19 

ALO. 

14-38 

15-53 

9-04 

FeaOa 

3-26 

1-79 

4-35 

FeO 

5 02 

8-40 

9-62 

MgO 

7-20 

5-64 

18-54 

CaO 

12-35 

12-63 

4-96 

Na 2 0 

2-66 

2-92 

1-89 

KsO 

1 -37 

1-45 

1-08 

H 2 04- 

6*31 

3-01 

4-99 

HoO- 

1-99 

0-41 

1*33 

CO. 

nil 

nil 

nil 

TiOa 

2-24 

2-60 

1-64 

P*Ob 

0-43 

0-32 

0-89 

MnO 

0-26 

0-40 

0-46 

Cl 

001 

0-01 

0-01 

S0 3 

0-01 

0-01 

0-01 


100-01 

100-01 

100-00 


1. Titanaugite dolerite, 387 feet. 

2. Titanaugite basalt, 410 feet. 

3. Picritic rock, 966 feet. 

Analyst: G. C. Carlos. 
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ON THE DISTRIBUTION OF THE SPECIES OF EUCALYPTUS IN 
THE REGION OF THE DANDENONG RANGE, VICTORIA 

By H. T. Clifford* 

[Read 10 July 1952] 

Abstract 

The distribution of the Eucalyptus species has been determined for an area of about 70 
square miles, in the region of the Dandenong Range, Victoria. With a view to understanding 
this distribution, the climate, soils and geology of the area have also been investigated. Certain 
correlations between factors of the environment and the distribution of individual Eucalyptus 
species have been noted and tentative explanations have been suggested for them. 

Introduction 

Except for several general accounts, the most important being that of Patton 
(1930), little has been published on the ecological relationships of the Victorian 
species of Eucalyptus. A great deal of intensive work is required on the biology 
of the individual species, but it is believed that this will be facilitated if the distri¬ 
bution of species of the genus is studied in selected small areas of varied topography 
and soil type. 

The area described in this report embraces about 70 square miles and is situated 
about 25 miles east of Melbourne (Fig. 1); the nearest mountainous region to 
the city, it is well served with public transport, and its character is now rapidly 
changing with settlement. The area was selected so as to include several geological 
formations and soil types and an altitudinal range from 250 to 2,000 feet. In the 
natural condition it was a completely forested region, but at the present time it 
is not suitable for the study of the primary features of the Eucalyptus communities 
as these have been largely modified by fire, clearing and settlement. It has now 
become difficult to determine the characteristics of the shrub and field layers in 
their virgin state, and even for the trees themselves the data for density, height 
and form of the individuals are those for secondary forests. Nevertheless, a 
great deal of the area is still forested, carrying nineteen species of Eucalyptus of 
which nine are of importance in the plant communities. 

The evidence from surveyors’ notes and from early published accounts (Walters 
1S53; V.F.N. 1884- ) supports the view that the distribution of the tree species 
has not appreciably altered since settlement. This paper describes the results of 
a primary survey of the species of Eucalyptus and their distribution in relation 
to several environmental factors. 

Geology and Topography 

The area embraced by this survey is divisible into two topographically very 
different sections. The eastern section includes most of the Dandenong Range, 
and parts of the Lilydale and Beaconsfield Hills. The western section lies in the 
mature valleys of the Dandenong and Brushy Creeks. 

*Botany School, University of Melbourne. 
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The Dandenong Range is a roughly triangular area of steep hills that rise 
abruptly from the surrounding countryside to a maximum elevation of about 2,00(1 
feet. T hree perennial streams rise in this Range—the Olinda, Monbulk and 
Dandenong Creeks. South of the Dandenong Range are the Beaconsfield Hills; 
they have an average elevation of about 700 feet, and are part of a peneplain which 
slopes gently to the south. The valleys in this area are shallow and are drained 


locality map 



Fig. 1. — A map in the region of the Dandenong Range, showing the location of places 
mentioned in the text. 

by ephemeral creeks. Forming a crescent about the northern end of the Dandenong 
Range are the Lilydale Hills, a group of steeply sloping hills with an average 
elevation of about 700 feet; the creeks draining these hills are mostly ephemeral. 

West of the Dandenong Range are the broad mature valleys of the Dandenong 
and Brushy Creeks. Within both these valleys the topography is gently undulating 
and drainage is poor. Swamps, formerly extensive, have been reduced in size by 
the cutting of many drains. The Dandenong Creek rises on the western slopes 
of the Dandenong Range; Brushy Creek rises in its lower N.W. slopes, and 
receives a tributary from Melbourne Hill, a small hill west of Lilydale. 

There is a close correlation between topography and the underlying rock 
types. The Beaconsfield Hills are granitic, the Lilydale Hills are composed of 
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toscanites and dacites, and the Dandenong Range is principally dacite. Melbourne 
Hill is capped with basalt (Morris 1913). The Dandenong and Brushy Creek 
valleys are eroded into sedimentary rocks, mostly mudstones, and it is probable 
that differential erosion of these various rock types has resulted in the present 
topography (Hills, 1934). 

The major geological features are illustrated in a map (Fig. 2) simplified 
with permission from one prepared by Dr. A. B. Edwards. 

SIMPLIFIED CEOLOCICAl MAP 



ROADS —RAILWAVS - STREAMS r 1 MILES -►—* N 

I I MUDSTONES M | [| | Nil HI H| TOSCANITES \ — ■ -j DACITES | + 4- 4- 1 GRANITE 

1 v v W| BASALT 

Fig. 2.—A simplified geological map in the region of the Dandenong Range. (Boundaries 
mainly after Dr. A. B. Edwards.) 

Climate 

From the available measurements of climatic elements a good impression can 
be obtained of the regional climate of the area, but the local and micro-climate, 
like the topography, is extremely varied. It is impossible to describe local climatic 
conditions accurately for, although rainfall data are extensive, temperature records 
are few and the evaporation has been measured at only one station. 
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The regional climate belongs to the Humid Mesothermal type of Koppen or 
the Subhumid Mesothermal type of Thornwaite (Trewartha, 1943). Conditions 
are mild with medium temperatures and high reliable rainfalls. Evaporation is 
low and the Transeau ratio (Precipitation divided by Evaporation) does not fall 
below 0 33 for more than 2-3 months per year. Droughts are uncommon. On 
the cleared areas ground frosts often occur from February to October, but only 
rarely beneath the trees. 


RAINFALL MAP 



Fig. 3. A map in the region of the Dandenong Range, showing the relation between altitude 
and annual rainfall. 


Rainfall 

Annual total rainfall ranges from 28 in. at Lysterfield to 51 in. at Olinda. 
The parallelism between contours and isohyets is shown in Fig. 3. Not only is the 
rainfall high but it is also very reliable. Some figures for variability are shown 
m Table 1. The variability is stated in the terms used by Taylor (1918), namely 
that the mean deviation from the mean is expressed as a percentage of the mean. 
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The low rainfall season is the summer, which is therefore an unfavourable 
period for the vegetation. The seasonal distribution of the rainfall for selected 
stations is shown in Table 2. Although the rainfall is reliable, occasional storms 
of great violence are reported (Anon. 1949), and both Kalorama and Olinda have 
had falls of more than 10 in. in 24 hours. 

Snow 

Snowfalls are reported for most of the area, but they are infrequent except 
on the higher peaks in the east of the Dandenong Range. Snow has been recorded 
during the period from May to October. Occasionally a heavy fall is experienced, 
as in the winter of 1951, when branches were snapped off and trees? were uprooted. 

Fog Drip. 

Mists and fogs are common their frequency increases with altitude and they 
may be an important source of moisture on the Dandenong Range, the top of 
which is often shrouded in cloud. 

T emperaturc 

Local temperature records are scarce and have been measured for a short 
time only at Scoresby. The data for Scoresby and other stations near the area 
are shown in Table 3. 

Table 3 

Temperature Data for Stations near the Dandenong Range. 



Mean 

Amplitude 

Healesville 

55*8 F 

9-2 F 

Berwick 

61.3F 

13.5F 

Scoresby .. 

56-3 F 

9-3 F 


Evaporation 

The only evaporation data are for Scoresby, and they indicate that evaporation 
exceeds the precipitation for about six months of the year. However, if we assume 
that rainfalls which are effective for crops are also effective for natural vegetation, 



Fig. 4.—-A diagram of the seasonal distribution of the Transeau Ratio at Melbourne and 
Scoresby. 


/ 
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then using Trumble’s (1939) measure of effectiveness (P/E > £), the only period 
of water shortage will be during the summer. From the present data it appears 
that January is the only unfavourable month, but the data cover too short a 
period to be reliable and it is probable that both December and February are 
also unfavourable months. The monthly values of the ratio P/E for Melbourne 
and Scoresby are shown in Fig. 4. 


W ind 

Reliable wind data are not available for any station in the area and those for 
Melbourne have been assumed to apply. (Table 4.) Recent records from Scoresby 
Agricultural Research Station tend to confirm this assumption. In Fig. 5 the 
direction and frequency of the winds are shown. Those from the north and north¬ 
west are dry, hot in summer and cold in winter. 


Table 4 


The direction from which winds above 30 m.p.h. blow, expressed as a percentage of the 
total winds above 30 m.p.h. (Ancm. 1944). 


Altitude 

N 

N.E. 

E 

S.E. 

s 

S.W. 

W 

N.W 

0 ft. 

65-7 

__ 

— 

— 

4-3 

14-3 

4-3 

11-4 

1800 ft. 

550 

— 

— 

•1 

3*2 

4-4 

120 

25-3 

3500 ft. 

33*4 

•4 

*4 

10 

3-4 

5-7 

15-7 

40 0 


WIND HOSES 
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3 PM 
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Fig. 5.— A diagram of the seasonal distribution of wind frequencies and their directions at 
Melbourne. (Anon., 1949.) 
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Soils 

The soils have been studied from exposures in quarries and road cuttings and 
also from numerous auger borings. Typical samples were analysed in the laboratory 
by standard methods (Piper 1947, Leeper 1948, Wright 1934), and the results 
are tabled in the appendix. 

The main soil types occurring in the aiea are: 

1. Silty loam podzol. (Identical with the Hallam Loam, described by 
Holmes et al. 1940.) 

2. Sandy Loam Podzol. (Identical with the Harkaway Sand, ibid.) 

3. Krasnozem. (This soil, found on the dacites, mudstones, and basalt, is 
pedologically similar to the Basaltic Clay Loam, ibid.) 

4. Embryonic or skeletal. (The stony soils of certain steep slopes.) 

5. Alluvium. 

The approximate distribution of the soils is shown in Fig. 6. 


SIMPLIFIED SOIL MAP 



Fig. 6 . —A simplified soil map in the region of the Dandenong Range. 
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Silty Loam Podzol 

On gentle slopes (where the rainfall is less than about 45 in. per annum) 
a soil with well-marked profile is developed. It occurs on the toscanites, dacities 
and mudstones, but never on basalt. The A horizon is a silty loam or silty clay- 
loam from one to two feet in depth; beneath it and extending to variable depths 
is a clay B horizon. A layer of ironstone nodules is present along the junction 
of the two horizons (Fig. 7). Structure is poor throughout the profile, and on 
drying the surface becomes very hard and cemented together. When wetted again 
the surface is easily dispersed and very liable to erosion. The reaction is acid 
(pH 4*5 - 5-5). 

Soils of this kind, widespread in Victoria, are not easily related to soils from 
other parts of the world. Although they are here regarded as podzolised, they show 
no accumulation of organic matter in the B horizon, and the silica-alumina ratio 
is similar in both A and B horizons. They agree most nearly with the grey-brown 
podzolic soils of the Americas (Lutz and Chandler 1949). The American soils 
are also acid, they show an abrupt change from the A to the B horizon and an 
accumulation of ironstone nodules at the junction between them. 

In both the Silty Loam Podzol and the Hallam Loam, it is probable that 
the heaviness of the B horizon is due to the accumulation of clay, mobilized and 
washed out from the A horizon. The mobilization of the clay could be caused by 
the sodium ion, considerable amounts of which are present in the rain water. It 
is estimated (Holmes et al. 1940) that about 30 lb. per acre of this element are 
added to the soil per annum. If this ion has been responsible for the mobilization 
of the clay in this profile, then the soil is more akin to an immature solonetz than 
a podzol. 

In the Lysterfield and Lilydale Hills the silty loam podzol is usually repre¬ 
sented by a stony phase. This is equivalent to the “Silurian phase” of the Hallam 
Loam near Berwick (Holmes et al. 1940) and the “shaly phase” of the Hallam 
Loam, near Whittlesea (Baldwin 1950). It differs from the typical silty loam 
podzol in possessing abundant fragments of primary rock in the profile. 

Some profiles from this group are illustrated in Fig. 7. 

Sandy Loam Podzol 

The sandy loam podzol occurs in gently undulating country where the rainfall 
is less than about 45 in. per annum. It is developed principally on the granite 
but may also occur on the toscanites or dacites. The sandy loam podzol is 
pedologically similar to the silty loam podzol except that there is an abundance 
of coarse sand throughout the profile. Where this soil is developed on granite 
the coarse sand fraction is predominantly quartz, but on toscanites and dacites, it 
is of small pieces of rock. The profile is illustrated in Fig. 7. 

Krasnozem 

The krasnozem has developed on basalt, toscanite, dacite and mudstones, but 
not on the granite. Where the rainfall is less than 45 in. per annum, this soil is 
restricted to basalt, but under higher rainfalls it overlies several rock types. 
The absence of krasnozem on granite in this region may be related to the rainfall 
which is less than 45 in. per annum in the granitic areas. Further east in Victoria 
on granite, where rainfalls exceeding 45 in. are recorded, a soil is found which 
resembles the krasnozem but includes large amounts of coarse sand in the profile. 
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The krasnozem profile in contrast to that of the podzolic soils is not differen¬ 
tiated into horizons. The soil is a red-brown friable clay-loam which is particularly 
well known in the Melbourne district as “Mountain Soil”. The name has arisen 
because this is the most extensive soil type in the Dandenong Range, being found 


PROFILES OF PODZOLIC SOILS 


E OVATA COMMUNITY 


E CINEREA VAR COMMUNITY 



E RADIATA - E OBtlQUA - E ELAEOPHOAA COMMUNITIES 



Fig. 7. —Profiles of typical soils of the silty loam and sandy loam podzolic types. 


on all high slopes except some to the north and west. However, the name is not 
a good one because the soil occurs at quite low altitudes as at Berwick and 
Melbourne Hill near Lilydale. 

The profile is little differentiated but there is a slight increase of clay content 
with depth. The soil possesses an excellent structure which is very stable. A wet 
sieve analysis of samples from a field cultivated for forty years yielded results 
similar to those for samples from a nearby forest stand. It is for its stable porous 
structure and not its fertility that this soil is esteemed. With the high rainfall 
and good drainage attendant upon good structure this soil has become deficient in 
nutrients, and possesses as little as 1 m.e. per cent of calcium at 2 feet. The soil 
has another undesirable feature in that it fixes phosphorus, as do similar soils 
in northern Tasmania (Stephens 1937). Phosphate fertilizers are much used on 
the cleared land of the Dandenong Range. 
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Soils similar to these are found in many localities in eastern Australia, and 
Bryan (1938) has suggested that they are fossil in origin. However, this is not 
so in the Dandenong Range, because there rock can be found in the profile in 
all stages of decomposition, from totally unweathered boulders down to soil 
particles. Nevertheless, the soil must have had a long history, because in many 
places it is very deep. Local tradition has it that a well was sunk to 80 feet at 
The Patch without striking bedrock. This would be exceptional, but there are 
many cuttings that expose 10-15 feet of soil-like material. 

Several profiles of this group are illustrated in Fig. 8. 

PROFILES Of KRASNOZEM SOILS 

E. RECNANS COMMUNITY E OfUQUA - E CONIOCALYX 
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Fig. 8. —Profiles of typical soils of the krasnozem type. 

Embryonic or Skeletal Soils 

Along the western slopes of the Dandenong Range are extensive areas of 
stony soils. These soils have developed on dacite, under an annual rainfall of 
between 40-50 in., and are developed best on the spurs. In the deeper valleys 
the stony soils are replaced by the krasnozem. The prevalence of these stony soils 
on the spurs suggests that drainage and perhaps exposure have been responsible 
for their development. Steepness of slope alone has not been responsible, for 
the krasnozem may occur on equally steep slopes. 

The depth of these stony soils is variable, and the soil may extend down for 
several feet between the boulders. They are pedologically closely related to the 
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podzolic soils. The affinity is suggested by their yellow-grey colour and the 
sudden increase of clay content at about 18 in. depth. 

The classification of stony soils is avoided by soil workers who usually place 
them in a “mountain complex’'. Nikiforoff (1948) has proposed a three-fold 
division of stony soils, and the Dandenong examples fit his group of Embryonic 
soils. The name is not very satisfactory as it suggests extreme youth. An Embryonic 
soil is not necessarily young, for the top soil may, on a steep slope, move over 
the more stable subsoil. With such movement each particle as it is displaced 
downward is replaced by one from further uphill, and so at any given place on 
the slope the depth and appearance of the profile remains constant. 

Alluvial Sails 

There are no extensive areas of alluvial soils, but small patches are fairly 
common, particularly where the perennial streams level out on leaving the 
Dandenong Range. The alluvial soils are usually very gritty or stony and are 
well drained. Except for an indefinite Aj horizon, distinguished by its darker 
colour, these soils lack a differentiated profile. 

Soi l-Cli m at e-Geo logy 

A summary of the interrelations between the soil, geology and climate of the 
area studied is shown in Table 5. Small exceptions are ignored, thus the sandy 
loam podzol is shown as restricted to the granitic rock types, although it occurs 
as small patches where the bedrock is toscanite or dacite. Alluvial and embryonic 
soils have also been left out of the table because each is closely related to 
topography, which seems to be more important than climate in determining 
the development of these two soil types. 


Table 5 

The commonest soil types developed on different rocks under given rainfalls in the area studied 


Annual Rainfall 

Rock Type 

Soil Type 

Less than 45 in. 

Basalt 

Krasnozem 


Dacitc 

Silty Loam Podzol 


Toscanite 

Silty Loam Podzol 


Mudstone 

Silty Loam Podzol 


Granite 

Sandy Loam Podzol 

Greater than 45 in. 

Basalt 



Dacite 

Krasnozem 


Toscanite 



Mudstone 

Krasnozem 


Granite 

— 


Distribution of the species of Eucalyptus 

The species distribution has been mapped by traversing all the roads and 
tracks of the area on foot and entering records at each quarter-mile (or less when 
necessary) on a specially prepared field map on the scale of 4 in. to the mile. 
In addition numerous cross-country traverses were made where roads were 
obviously built on ridges and in valleys. Where clearing had removed the trees, 
the composition of the original forested area was estimated as far as possible 
from the remnants on roadsides and uncultivated areas, from adjacent uncleared 
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PROFILE - TRANSECT DIAGRAM 





Fig. 9.—Transects along E-W lines across the area surveyed, showing the relation between 
the distribution of Eucalyptus species and the topography. The vertical order of 
the transects is from N (Lilydale) to S (Mt. Moreton). 
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DISTRIBUTION MAPS 



Fig. 10.—Maps of south-eastern Australia, showing the generalized distribution of the 
Eucalyptus species most commonly met with in the region of the Dandenong Range. 
Data principally from Carter (1945), Anon. (1948), Boomsma (1949). 
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sites of similar soil and aspect, and to some extent from historical accounts. 
Clearing has nowhere been so extensive as to make these estimates unreliable 
considering the scale of mapping. 

The data are here summarized in a number of maps (Figs. 11, 12, 13, 14) 
and in several cross sections drawn from E to W across the area surveyed 
(Fig. 9). Each species will be discussed separately, this discussion being facilitated 
by the preparation of a relief map of the area on which the species distribution 
has been mapped.* In all these maps, cleared areas are not shown. 

Species of Major Importance 

Eucalyptus ovata Labill. Swamp Gum. 

The nomenclature of this species has been quite stable. In Victoria, related 
species are E. yarraensis Maiden (Healesville, Vic.) and E. studleyensis Maiden 
(Kew, Vic.). Each of these has a very restricted distribution and may be of 
hybrid origin with E. ovata Labill. as one of the parents. Geographically E. ovata 
Labill. is widespread in south-eastern Australia (Fig. 10) and commonly grows 
in swampy soils at elevations up to about 2,500 feet. This species seldom grows 
where the annual rainfall is less than about 30 in., and is more abundant south 
of the Great Dividing Range. 

Within the area surveyed E. ovata is widely distributed at low altitudes, west, 
north and south of the Dandenong Range. It usually grows in swampy places, 
along the banks of ephemeral streams and on flats bordering the larger creeks at 
elevations up to about 800 feet (Fig. 11). On these flats it is the dominant of 
a well-defined community. The trees here are 60-80 feet tall, with spreading 
habit but with the crowns not meeting to form a continuous canopy. Beneath 
them grows a dense thicket of Melaleuca ericifolia up to 15 feet tall. The ground 
flora is sparse, and the few etiolated herbs are almost smothered by the copious 
growth of the moss Thuidimn furfur o sum. 

Usually E. ovata is restricted to sites that are badly drained, where the soil 
aeration is bad, as is evident from the gleying of the subsoil. Observation of 
several stands during the three year period, 1948-50, indicated that this species 
may grow where the surface soil is waterlogged for several months of the year. 
These conditions are often met with along the valley floors and there is a 
parallelism between the stream pattern and the distribution of this species. 
Although E. ovata is restricted to very wet soils, it does not favour any one soil 
type, and grows equally well on the krasnozem, silty loam podzol, sandy loam 
podzol and alluvium. These soils are derived from several different rock types, 
which suggests that the underlying geology does not affect the distribution of 
this species. 

The highest altitude at which E. ovata has been seen growing in this area 
is about 800 feet, which is much lower than the maximum altitude to which this 
species extends (Ewart 1930). This low limit may be correlated with the rainfall. 
In other parts of Victoria E. ovata is uncommon where the annual rainfall is 
greater than 40 in., an amount usually exceeded in the area surveyed at altitudes 
above 800 feet. 

*This relief map is available for inspection at the Botany School, University of Melbourne. 
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Eucalyptus cinerea F. Muell. var. multiflora Maiden. Mealy-stringybark. 

The taxonomy of this species lias been much disputed. With the exception 
of the name E. cephalocarpa Blakely (Blakely 1934) the synonomy is discussed 
by Maiden (1917). The name accepted here is that recognized in the “Flora of 
Victoria" (Ewart 1930). The variety multiflora Maiden differs from the typical 
form of E. cinerea F. Muell. in several striking morphological features, and further¬ 
more it occupies a different geographical region. The typical form of the species 
occurs in the foothills of the inland slopes of the Great Dividing Range (Fig. 10) 
from near Wangaratta in Victoria to about latitude 34° S. in New South Wales. 
The variety multiflora is restricted to the seaward side of the Great Divide and 
extends from just west of Melbourne to southern New South Wales. 

In the area surveyed E. cinerea var. multiflora occurs most abundantly on the 
southern slopes of the Beaconsfield Hills, and in the triangle formed between 
Boronia, Montrose and Croydon (Fig. 12). Elsewhere the species may be locally 
abundant but does not grow in extensive pure stands. Usually it occurs in gently 
undulating country at elevations below about 800 feet and often forms a fringing 
forest about the E. ovata community. Where it grows in pure stands the trees 
are 40-50 feet tall with their crowns almost touching. Beneath the trees is a 
dense shrub stratum 4-5 feet high. Characteristic species of this stratum include 
Epacris impressa, Vimimria denudata, Leptospermum scoparium, Sprengelia 
mcarnata and Casuarina distyla. Although the shrub stratum is dense there is a 
well developed ground flora. Species here include Gahnia radula, Hypolaena 
lateriflora, Schoenus apogon, Xanthorrhea minor, Lindsaya linearis and Selaginella 
uliginose. 

For the most part the habitats of E. ovata and E. cinerea var. multiflora are 
similar. Both species grow within the same range of altitudes and climates and 
upon the same soils and bedrock, but the tolerances of these two species towards 
conditions of waterlogging in the soil are quite different. Whereas E. ovata will 
grow on sites with the surface soil waterlogged for as long as six months per 
year, E. cinerea var. multiflora has not been observed growing where the surface 
soil is waterlogged for more than three months each year. Owing, however, to 
extensive draining and clearing of the area concerned over the last 50 years, it 
is difficult, if not impossible, to be certain that the water relations of the soils were 
originally the determining factors in the distribution of these species. E. ovata is 
usually more frequent near the creek beds, but a year's regular observation of 
soil moisture at depths of 1 and 2 feet has not revealed any striking differences 
between the areas bearing these two species. Experimental work is in progress 
on the seed- and seedling-tolerance to waterlogged soil. 

Eucalyptus radiata Sieb. Narrow-Leaf Peppermint. 

The nomenclature of this species is very confused. Following Cheel (1943) 
and Cameron (1946) the following alterations become necessary in the “Flora of 
Victoria (Ewart 1930) :—The name E. radiata Sieb. must be replaced by 
E. Andreana Naudin, and E. australiam Baker and Smith must be replaced by 
E. radiata Sieb. In this paper the revised nomenclature is used. Some of the 
confusion has resulted from inadequate type material, and its poor description 
and some from limited knowledge of the variability of the species in the field. 
Variation, particularly of the “juvenile leaves” in different localities, supports 
the suggestion that E. radiata Sieb. possesses several different races. Furthermore, 
it is probable that several of the species closely related to E. radiata would be 

D 
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better regarded as of less than specific rank, until they are more fully investigated. 
Accepting the species E. radiata - E. robcrtsoni - E. solicijolici as a species complex, 
it is seen from Fig. 10 that this group is widespreaed in south-eastern Australia 
and Tasmania. 

In the area studied E. radiata Sieb. is widespread (Fig. 13) and it is pheno- 
typically uniform. It is a common species of the hillsides and ridges, except in 
the wetter parts of the Dandenong Range between Kalorama, Kallista and Relgrave. 
Rarely does it grow in pure stands, annual rainfall probably determining the 
other Eucalyptus species with which it is associated. Where the rainfall is less 
than 35 in. per annum, E. radiata grows in mixed stands with E. rulnda and 
E. melliodora. At localities where the annual rainfall is between about 35-45 in. 
the associated trees are E. obliqua, E. clacophora and E. macrorrhyncha. \\ here 
the rainfall is higher than this, E. radiata grows with E. obliquai and E. gomocalyx. 
Towards the drier limit of its distribution E. radiata . is a tree 50-60 feet tall and, 
at a wetter limit, it grows to twice this height. 

It is certain that E. radiata is not a species of specialized habits. Growing i n 
the region enclosed by the 30-50 in. isohyets, it shows no preference for particular 
soil types and grows on the krasnozem, silty loam podzol, sandy loam podzol, 
embryonic soils and occasionally on alluvium. Altitude does not limit the distri¬ 
bution of the species in this area for it grows at all altitudes from the summit of 
Mount Dandenong (2,070 feet) to North Croydon (250 feet). 

This species and E. obliqua occur over a wide range of habitat conditions 
whereas the shrubs and herbs associated with them are more exacting. For this 
reason no attempt is made here to list these subsidiary species, either those of 
the understorey, or of the ground layer. 

Eucalyptus obliqua Lelleret. Messmate. 

There is no confusion about the nomenclature of E. obliqua LeHeret. A few 
varieties of this species have been described but none of these has been found in 
the area surveyed. The species is widespread in eastern Australia, particularly 
seaward of the Great Divide (Fig. 10). 

Messmate is not very exacting as to habitat, and in the area studied it is 
common on well drained soils within 1 the limits of the 35-50 in. isohyets (Fig. 13). 
In most respects the habitat of E. obliqua is similar to that of h . radiata and in 
this area the two species grow together for most of their range. .Therefore, the 
description of the environment and associates of E. radiata will suffice for both 
species, with one amendment. Whereas E. radiata will grow where the annual 
rainfall is as low as 30 in., E. obliqua seldom grows where it is less than 35 in. 
About Lilydale, and in the Beaconsfield Hills where the annual rainfall is less 
than 35 in., E. obliqua is either absent or restricted to valley bottoms and southern 
slopes. 

Eucalyptus macrorrhyncha F. Muell. Red Stringybark. 

The nomenclature of E. macrorrhyncha F. Muell. has been quite stable. There 
are no synonyms and the species has only one described variety, and this is npt 
present in the area surveyed. This species is limited to south-eastern Australia 
(Fig. 10), where it is common on the stony soils of the Great Dividing Range 

and the coastal ranges. . 

Within the area surveyed, E. macrorrhyncha grows on the well drained soils 
of hilltops .and ridges in the Lilydale Hills, and on the steep western slopes of 
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the Dandenong Range (Fig. 11), to an altitude of about 1,700 feet. The associated 
tree species are E. elaeophora, E. radiata and sometimes E. melliodora or E. 
obliqua. 

The most obvious factors linked with the distribution of E. macrorrhyncha 
are topography and soil type. In the region surveyed it is found under annual 
rainfalls of from 35-48 in., almost always on well drained, steep slopes, ridges, 
or low hill tops. It is always associated therefore with embryonic soils and the 
more stony phases of the silty loam 1 podzol; these are derived from toscanite, dacite 
and mudstones. The species is uncommon on the typical silty loam podzol and 
sandy loam podzol, and has not been observed growing on either the krasnozem 
or alluvium. Its absence from the basaltic and granitic areas may be due to the 
lack of embryonic soils there, but the same is not true of its limitation to elevations 
below about 1,700 feet. Above this altitude on Mount Dandenong embryonic 
soils extend up to about 2,000 feet. 1 he absence of E. macrorrhyncha from the 
upper 300 ieet may be associated with the clouds that frequently envelop the 
summit of the mountain and supplement the rainfall with fog-drip. 

During the summer months, the northern and western slopes of the Dandenong 
Range are exposed to hot dry winds, and it is on these slopes that E. macrorrhyncha 
is most abundant. Yet even here this species is absent from places sheltered from 
the north and north-west winds. The sheltered localities support forests of 
E. obliqua, E. radiata and E. goniocalyx growing on krasnozem (not on embryonic 
soils) on the same bedrock, the interactions between soil, climate and vegetation 
make it impossible to decide, without experiment, the primary cause of the 
vegetation pattern, but the existence of E. macrorrhyncha on the lower hill tops 
in the Lilydale district suggests at least that soil type is a more important factor 
than exposure to dry winds. 

% 

Eucalyptus regnans. F. Muell. Mountain Ash. 

This species was once regarded as a form of E. radiata Sieb. when that species 
was known as E. amygdalina Labill. The synonymy has been fully discussed by 
Maiden (1905). It is difficult to understand the source of this confusion, because 
E. regnans F. Muell. is an easily circumscribed species. With the possible exception 
of Sequoia gigantea, E. regnans is the tallest plant extant, often surpassing 300 
feet. It is restricted to southern Victoria and Tasmania (Fig. 10), where it 
grows only on well drained soils in high rainfall areas below about 3,500 feet. 

In the area surveyed, E. regnans is almost restricted to the eastern and 
southern fall of the Dandenong Range (Fig. 12) at all altitudes above about 750 
teet. In this area the species may occur on any aspect. It grows only on the 
krasnozem and where the annual rainfall is above 45 in. it follows then, for this 
region, that it is restricted to dacites and mudstones. 

The area once occupied by this species, almost certainly in pure stands, has 
been very extensively cleared and settled, first by farmers and nursery gardeners; 
more recently large blocks are being subdivided for housing. E. regnans still 
survives in one large reserve, Sherbrooke Forest, and bordering the creeks. 
Sufficient trees remain along roadsides to indicate clearly that the whole of the 
area indicated in Fig. 12 was once a continuous forest of E. regnans, and there is 
direct evidence from the older inhabitants to support this view'. In many places 
within this area, E. regnans .shows ready regeneration. 

Typically E. regnans forms pure stands, sharply delimited from other forests 
and often of even age, owing to fires during the last century. Beneath it there is 
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an understory of small trees (20-100 feet) including Pomaderris apetala, Bedfordia 
salicina , Olearia argophylla, Prostanthera lasianthos, Acacia dealbata , Acacia 
melanoxylon and the tree-ferns Alsophila australis and Dicksouia antarctica. T. he 
ground layer is rich in ferns, but poor in other species, and there is a dense litter 
of bark, twigs and leaves. 

The areas carrying E. regnans, as well as slopes below them, are drained by 
numerous creeks that have cut deep valleys. The bottoms and lower slopes of 
these, adjoining the creeks, do not carry E . regnans, but are occupied by the very 
characteristic Victorian community described by Patton (1934) as the Fern Gully 
Association. Here the most frequent trees are the understory trees of the 
E. regnans forest together with Atherosperma moschatum; the two tree-ferns grow 
very luxuriantly and their trunks are clothed with mosses and filmy ferns. 1 he 
typical fern gully occurs only within the E. regnans forest, although individual tree 
species from it may extend along the creeks to regions of low rainfall. 

The soil of the "fern gully is similar to the krasnozem, but contains much coarse 
sand, and is often waterlogged. This may account for the absence of E. regnans 
from the fern gully although the deep shade cast by the tree-ferns may prevent 
the establishment of this species. 

Eucalyptus elaeophora F. Muell. Long Leaf Box. 

Eucalyptus goniocalyx F. Muell. Mountain Grey Gum. 

The two species E. elaeophora F. Muell. and E. goniocalyx F. Muell. as 
described in the 4< Flora of Victoria (Ewart 1930) grade into one another in the 
area surveyed, making it impossible to define accurately the ecological require¬ 
ments of either species. 

However, for most part of their range (Fig. 14) the two species are not difficult 
of determination. E. elaeophora attains a height of 60-80 feet and has a rough 
flakey bark extending to all but the smallest branches, h. goniocalyx is a tall tree, 
up to 200 feet, with a smooth gum-bark throughout save for the first few f ee t 
of the bole. Except for the juvenile leaves, most of the usual botanical diagnostic 
features, such as buds and fruits, are not to be relied upon for the identification 
of these species. Their habitats are different (Table 6), but they are discussed 
together to emphasize this difference. 

" In the area surveyed E. elaeophora grows on the ridges and steeper slopes of 
the Lilydale and Beaconsfield Hills, and on the northern and western slopes of 
the Dandenong Range. It is particularly abundant along the roadside between 
Croydon and Montrose (Fig. 1). It is found at all altitudes up to about 1,700 feet, 
and in this region the annual rainfalls range from approximately 30 to 48 in. 
It grows on a variety of soil types and has been observed on the silty loam podzol, 
sandy loam podzol, krasnozem and skeletal soils, but not on the alluvium. It is 
more abundant on the stony phases of these soils and so the species is most 
common on the ridges. Its commonest associated tree species are h . macrotrhyncha, 
E. radiata and E. obliqua . 

In the area surveyed, E. goniocalyx is almost restricted to the Dandenong 
Range where it is a common constituent of the forests of the eastern and southern 
slopes, and the sheltered parts of the western slopes between 1 he Basin and 
Sassafras. This species is more exacting than E. elaeophora, although their habitat 
requirements overlap. E. goniocalyx grows at altitudes between about 6(30 to 
2,000 feet, where the annual rainfall is about 40 to 50 in., and it has been observed 
growing only on the krasnozem and skeletal soils. The nature of the bedrock 
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does not appear to determine the distribution because it grows on the dacite, 
toscanite, mudstone and granite. Its common associated trees are E. radiata and 
E. oblique. 

The iiitergradation of these two species may be due to their introgressing one 
into the other (Anderson 1949). Preliminary evidence of their ability to hybridize 
has been obtained by growing the seed of a suspected hybrid. The seedlings raised 
showed segregation of characters and several of the seedlings resembled one or 
other of their suggested parents. A more detailed account of the ecological and 
systematic relationships of these two species will be published elsewhere. 

Eucalyptus viminalis Labill. Manna Gum. 

This species is limited to south-eastern Australia and Tasmania (Fig. 10), and 
usually grows in riparian habitats. There are several varieties of E. viminalis 
Labill., and two of them grow in the area surveyed. They are the typical form 
and the variety racemose F. Mu ell. ex Maiden. The former is a major species 
and the latter is discussed separately as a minor species. 

Within the area surveyed, E. viminalis Labill. grows along the banks of creeks 
and occasionally forms small pure stands. The most extensive of these is along 
the Olinda Creek between Montrose and Lilydale; other stands occur along the 
Dandenong Creek near The Basin, and on the Monbulk Creek near the Belgrave 
reservoir. In pure stands the trees grow to 150 feet, and beneath them is a well 
developed shrub stratum up to 20 feet. The shrubs are similar to those of the 
forests dominated by E. regnans. 

Neither altitude nor rainfall limit the distribution of E. viminalis, for it grows 
throughout the area surveyed. However, it is very specific as to the soil type 
on which it will grow, and rarely occurs except on alluvial soils. A very fine group 
of these trees grows high on the roadside on krasnozem soil adjoining Five Ways, 
Kalorama. The underlying bedrock does not limit its distribution for it grows 
on the mudstone, toscanite, dacite and granite. Its absence from the basalt may 
be correlated with the absence of permanent streams in those places where the 
bedrock is basalt. 


Species of Minor Importance 
Eucalyptus rubida Deane et Maiden. Candlebark. 

Morphologically this species is similar to £. viminalis Labill. but differs from 
that species mainly in having orbicular instead of lanceolate juvenile leaves. The 
species E. rubida Deane et Maiden as described in the “Flora of Victoria” (Ewart 
1930) probably contains several distinct races. Some of these are regarded as 
separate species by Blakely (1934) but his suggestions are not acceptable without 
extensive field and genetical investigation. 

In the area surveyed, E. rubida is not a common species and is restricted to 
the Lilydale district. It grows on well drained soils and has been observed on 
the silty loam podzol and the krasnozem. It is rare where the annual rainfall is 
more than 40 in. The absence of E. rubida from the Beaconsfield Hills where the 
rainfall is similar to that about Lilydale, suggests that soil type or geology may 
be limiting the distribution of this species, for there the soil is a sandy loam 
podzol overlying granite. 
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Eucalyptus melliodora A. Cunn. Yellow Box. 

This species is morphologically variable and has several described varieties, 
but none occur in the area surveyed. Geographically E. melliodora A. Cunn. is 
widespread in eastern Australia, and is more common on the inland than the 
seaward slopes of the Great Dividing Range. 

In the area surveyed, E. melliodora is an uncommon species. It grows where 
the annual rainfall is less than about 40 in. and is restricted to the silty loam 
podzol. Soil type may be important in controlling the distribution of this species, 
because it does not grow on the sandy loam podzol, krasnozem, embryonic soil 
or alluvium, even when these occur where the rainfall is apparently suitable. 

Eucalyptus capitellata Sm. Brown Stringy bark. 

The nomenclature of this species is very confused. The species E. capitellata 
Sm. as described by Ewart (loc. cit.) could be regarded as an aggregate species 
and indeed has been divided into several species, most of which are upheld by 
Blakely (1934). Since the segregate species are ill defined and their variability 
unknown they are not recognized here. According to Blakely s classification the 
plant that occurs in the area surveyed is E. baxteri (Benth.) Maiden var . 
pedicellata Maiden et Blakely. 

In the field, E. capitellata Sm. is difficult to distinguish from E. obliqua LeHeret 
with which it is frequently associated. Its distribution was not accurately mapped 
although it is a frequent species on the northern slopes of the Dandenong Range 
and oh the Lilydale Hills. It grows on the krasnozem, podzolic and embryonic 
soils where the annual rainfall is about 40-50 in. 

Eucalyptus brevirostris Blakely. 

One tree answering to the description of this species was found about one mile 
east of Lilydale, growing in the Lilydale Hills. 

Eucalyptus dives Schauer. Broad Leaf Peppermint. 

This species grows on the north and north-west slopes of the Dandenong 
Range at an altitude of about 800 feet. The trees are uncommon and appear to 
be interbreeding with E. radiata Sieb. 

Eucalyptus globulus Labi 11. Blue Gum. 

This species has been planted in fields as a shelter tree and occasionally jj- 
is left growing as an apparently indigenous tree. 

Eucalyptus scabra Dum-Cours. White Stringybark. 

A small clump of E. scabra Dum-Cours. was observed on a hillside about 
one mile north of Croydon. This species is recorded as E. eugeniodes Sieb. in 
the “Flora of Victoria”. 

Eucalyptus sieberiana F. Muell. Silvertop. 

Several trees of this species are growing on a northern spur of the Dandenong 
Range. 

Eucalyptus viminalis Labill. .var. racemosa F. Muell. ex Maiden. Coastal 
Manna Gum. 

A few trees conforming to the description of this species are growing on 
Melbourne Hill and the Beaconsfield Hills. Their determination is not entirely 
satisfactory. They may be the variety racemosa F. Muell. ex Maiden of E . viminalis 
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Labill., or as suggested to the writer by Mr. L. D. Pryor, Canberra, they could 
be hybrids, the parents being E. viminalis Labill. and E. cincrea F. Muell. var. 
multiflora Maiden. 

Eucalyptus vitrea R. T. Baker. Gum-top Peppermint. 

Two trees that possibly belong to this species have been observed in the area 
studied. One was at an altitude of about 1,600 feet on the western slope of 
Mount Dandenong, and the other was about one mile south of Selby. 


Table 6 

The habitats of the major species of Eucalyptus in the Region of the Dandenong Range. 


Species 

Status 

Elevation 

Rainfall 
in inches 

Soil Type 

Bedrock 

E. radiata Sieb. 

co-dominant 

250-2000 ft. 

30-50 p.a. 

silty loam podzol 
sandy loam podzol 
embryonic 
krasnozem 

mudstone 

granite 

toscanite 

dacite 

basalt 

E. obliqua LeHeret 

co-dominant 

300-2000 ft. 

35-50 p.a. 

silty loam podzol 
sandy loam podzol 
embryonic 
krasnozem 

mudstone 

granite 

toscanite 

dacite 

basalt 

E. elaeophora 

F. Muell. 

co-dominant 

300-1700 ft. 

30-48 p.a. 

silty loam podzol 
sandy loam podzol 
embryonic 
krasnozem 

mudstone 

granite 

toscanite 

dacite 

basalt 

E. goniocalyx 

F. Muell. 

co-dominant 

600-2000 ft. 

45-50 p.a. 

embryonic 

krasnozem 

mudstone 

toscanite 

dacite 

granite 

E. regnans F. Muell. 

dominant 

750-2000 ft. 

45-55 p.a. 

krasnozem 

mudstone 

dacite 

E. macrorrhyncha 

F. Muell. 

co-dominant 

350-1700 ft. 

35-48 p.a. 

silty loam podzol 
sandy loam podzol 
embryonic 

mudstone 

toscanite 

dacite 

E. ovata Labill. 

dominant 

250-800 ft. 

30-40 p.a. 

silty loam podzol 
sandy loam podzol 
krasnozem 
alluvium 

mudstone 

granite 

toscanite 

dacite 

basalt 

E. cinerea F. Muell. 
var. multiflora 
Maid. 

dominant 

250-800 ft. 

30-40 p.a. 

silty loam podzol 
sandy loam podzol 
krasnozem 
alluvium 

mudstone 

granite 

toscanite 

basalt 

E. viminalis Labill. 

dominant 

250-1800 ft. 

30-50 p.a. 

alluvium 

mudstone 

toscanite 

granite 

dacite 
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Discussion 

The ideal potential environment of most plant species is much greater than 
that occupied under virgin conditions; probably the competition between species 
with different optimal requirements is the most likely cause of this restriction. 
For example, in the field E. ovata is usually restricted to badly drained soils 
near creeks, but it is occasionally found on sloping hillsides, and it may be 
successfully grown in well-drained garden soils. It follows that the explanation of 
the complex pattern of vegetation described above must await a most intensive study 
of the biology of each of the Eucalyptus species concerned. It does, however, 
seem worth while at this stage to note that the nine major species, each with 
a wide geographical range in southern Australia, differ markedly in their reaction 
to comparatively small environmental changes (lable 6). E. radiata and E. obliqua 
have a wide range even within the area studied, and may be regarded as relatively 
insensitive species. They grow in mixed Eucalyptus forest, with different co¬ 
dominants— E. elacophora, E. goniocalyx and E. macrorrhyncha. These three 
are more sensitive to environmental factors, under competition, and are more 
limited in their distribution within the area. At the other end of the scale stand 
E. regnans , E. ovata and E. cinerea var. multiflora. These three species grow on 
well defined soil types, usually in pure communities. In particular, E. regtians 
may be regarded as a good indicator plant, being here restricted to the well-drained 
kraznosem soil in places where the high annual rainfall of 45 in. oi more is 
supplemented by fog drip. 

The analysis of the environment for each of the Eucalyptus species, in the area 
surveyed, indicates that climate and soil are the principal influences responsible 
for their distribution. Where the bedrock is apparently important, it is usually 
more satisfactory to interpret the distribution of a species in terms of either soil 
or climate. For example, although in this region E. regnans is limited to soils 
derived only from dacite or mudstone, this is almost certainly due to their being 
the only rock types within the 45 in. isohyet. 
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Appendix—Soil Analyses 


Vegetation 

E. cinerea Var. Community 

E. ovata Community 

E. radiata-E.obliqua 
Community 

Soil Type 

Silty Loam Podzol 

Silty Loam Podzol 

Silty Loam Podzol 

Locality 

Boronia 326318* 

Croydon 

317355 

Montrose 

361349 

Depth in in. 

0-6 

6-12 

12-36 

0-9 

9-18 

18-27 

0-24 

24-36 

C. sand 

1*8 

3*6 

10*7 

30 

3*3 

2*5 

8*6 

3*9 

F. sand 

37-8 

38*6 

27*7 

41*2 

28*5 

20*4 

28-6 

14-5 

Silt 

44-0 

440 

26-8 

40-7 

43*5 

6*6 

40*6 

23*0 

Clay 

16-4 

13*8 

34-8 

151 

24*7 

71*0 

22*2 

58-6 

Org. matter 

9-7 

1*4 

1-5 

10*5 

2*7 

1*6 

21 

21 

(peroxide) 

PH 

5-3 

5-9 

5*8 

5*1 

4-8 

5*6 

5 : 8 

5-5 

Sticky Pt. 

41 

23 

24 

35 

23 

24 

22 

42 

Water H.C. 

75 

45 

47 

57 

44 

41 

48 

67 


♦These numbers refer to the grid references on the Army Ordnance Survey Map, 1.03,360, 
Ringwood Sheet, Victoria. 


Vegetation 

E. radiata— 

E. elaeophora 
Community 

E. radiata — 

E. obliqua 
Community 

E. macrorrhyncha 

E. elaeophora 
Community 

Soil Type 

Sandy Loam Podzol 

Sandy Loam Podzol 

Embryonic 

Locality 

Lysterfield 213344 

\ 

Kilsyth 354383 

Montrose 384370 

Depth in in. 

0-12 

12-18 

18-36 

0-9 

9-18 

18-27 

0-9 

9-18 

18-27 

C. sand 

52*5 

45*6 

19* 1 

32*7 

11*6 

20*0 

9*8 

10*6 


F. sand 

19*6 

20-7 

6*7 

23*5 

13*5 

21 * 7 

28*5 

28*7 

23*6 

Silt 

14*6 

16*8 

7-7 

22*9 

14* l 

18*0 

52*5 

50*9 

41-0 

Clay 

13*2 

16*6 

66*2 

21*9 

60*8 

40*3 

9*2 

9-8 

25*0 

Org. matter 
(peroxide) 

7*0 

20 

0 5 

2*5 

2*1 

1*0 




pH 

5*6 

5-8 

5*5 

5-7 

5*9 

5*5 

5*9 

61 

6*0 

Sticky pt. 

18 

13 

38 

26 

33 

33 

29 

24 

28 

Water H.C. 

37 

43 

56 

55 

53 

56 

61 

42 

54 
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Vegetation 

E. regnans Community 

E. obliqua — E. goniocalyx 
Community 

E. radiata Community 

Soil Type 

Krasnozem 

Krasnozem 


Krasnozem 


Locality 

Kallista 278394 

Kallista 

270396 

Lilydale 

367423 

Depth in in. 

0-12 

12-24 

24-36 

0-9 

9-18 

18-27 

0-9 

9-18 

18-24 

24-36 

C. sand 

4-7 

4-2 

4-3 

61 

4 7 

5*2 

6*5 

4*7 

41 

3-5 

F. sand 

23*4 

23-4 

23 • 4 

17-7 

17*0 

17*3 

16*0 

11*8 

13-8 

21-3 

Silt 

26-1 

23-3 

20*8 

34-7 

33-7 

32*2 

28-4 

16*6 

17-6 

24-9 

Clay 

45-6 

49-1 

SI -7 

41-5 

44-1 

45*3 

49*1 

66-9 

64-5 

50*3 

Org. matter 
(peroxide) 

90 

5-8 

2-7 

8-0 

4-9 

3-8 

3 0 

2*5 

2-3 

0-6 

pH 

5-3 

5-4 

51 

6-3 

6- 1 

61 

6*2 

6*3 

6*5 

6*5 

Sticky pt. 

47 

43 

43 

51 

28 

38 

42 

43 

47 

45 

Water H.C. 

93 

89 

83 

73 

71 

53 

85 

76 

83 

79 
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Publications of the Royal Society of Victoria and of the 
Societies amalgamated with it. 


Victorian Institute for the Advancement of Science. 
Transactions and Proceedings. Vol. I. 1854/55. 


Philosophical Society of Victoria. 

Transactions. Vol. 1. 1854/55. 

These two Societies then amalgamated and became — 

Philosophical Institute of Victoria. 

Transactions. Vols. 1-4. 1855/56-1859. 

The Society then became — 

Royal Society of Victoria. 

Transactions and Proceedings (Vol. 5, entitled Transactions). (8vo.) 
Vols. 5-24. 1860-1887. 

Transactions. (4to.) Vols. 1, 2, 3 (Pt. 1 only was published), 4, 5 
(Pt. 1 only), 6. 1888-1914. 

Proceedings (New Series). (8vo.) Vols. 1—., 1888—. 




Microscopical Society of Victoria. 

Journal (Vol. 1, Pt. 1, entitled Quarterly Journal). Vol. 1 (Pts. 1 to 
4), 2 (Pt. 1), title page and index [all published]. 1879-82. 

[The Society then combined with the Royal Society of Victoria.] 

Note.— Most of the volumes published before 1890 are out 
of print. 


Vol. 46, Part II, contains an author index of the Royal Society of 
Victoria and of the Societies amalgamated with it from 1855-1934. 
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Aborigines of Victoria, by R. Brough Smyth (2 vols., 4°), 1878. 

Price 7s. 6d. 

Australian Race, by E. M. Curr (3 vols., 8° and atlas fo.), 1886-87. 

Price 20s. 
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AUSTRALIAN SPECIES OF SPHAERIIDAE 
By Charles G. Oke 
[Read 11 December 1952] 

Introduction 

The object of this article is to record the presence of this family in Australia; 
to propose a new genus and to describe two new species; to point out that Matthews 
was in error in describing the maxilla as having two lobes; and also to note a most 
unusual feature in the mandibles. 

The maxilla (Fig. 5) has only one lobe as noted by Erichson, Gangelbaur, 
Lacordaire and Reitter and figured by them, and not two lobes as stated and figured 
by Matthews. 

A most unusual occurrence is an appendage on the left mandible (Fig. 4) and 
only on the left one. It can be made to move quite freely (slightly less than one- 
sixteenth of a circle) in specimens in balsam mounts before the balsam hardens. 
It can only be compared with and I should say, be called, a lacina mobilis, as occurs 
in the Crustacea of the division Peracarida . And like some of the genera in that 
group it is only on the left mandible. As far as I can ascertain such a thing has 
not been recorded for Coleoptera, but I have put fourteen specimens into balsam 
mounts and have seen it in every case and then only on the one mandible. It seems 
to me that Matthews found this piece free and thought that it belonged to the maxilla, 
and so figured it as the inner lobe. I might add that it is easily dislodged, but by 
careful handling it can be seen in its correct place and made to move. 

Family Sphaeriidae 

Neosphaerius gen. nov. 

Strongly convex, ovate. Head large, sessile, with the mouth lightly produced; 
eyes large, finely facetted; antennae with eleven segments, inserted under the edge, 
close to the eyes ; two basal segments large, third long and thin, fourth and fifth 
small, subglobular, sixth to eighth short, transverse, eighth adnate to club, last 
three forming a large compact club, with very long setae. Labrum short, rounded 
in front, surface uneven, setose. Mandibles strongly curved, bifurcate at apex; 
the inner basal surface with a rough grinding (molar) surface; just above this is 
a fine membraneous appendage, ciliate on its inner edge, apparently to act as a 
sieve; and on the left mandible a bifurcated, movable appendage. Maxilla with 
a single lobe, the lacinia, dentate at apex and sparsely ciliated on inner edge; with 
a four segmented palp. Palp with first segment small, second and third fairly long, 
strongly inflated towards apex, fourth short and very thin, truncate at apex. Labium 
subquadrate, with a three segmented palp. Prothorax transverse, widest at base. 
Scutellum triangular. Elytra entirely covering the abdomen. Wings fairly large, 
with only small remnants of venation and a fringe of hairs right around the margins. 
Abdomen with only three segments on the ventral surface, but with six on the dorsal. 
Legs rather short. Anterior coxae elongate, lightly separated; middle transversely 
oval, with a distinct trochantin, well separated; posterior very large, almost trian¬ 
gular, touching. Femora incrassate, anterior grooved for reception of coxa and tibia, 
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Tibiae, especially the anterior, crassate; with a few spines at apex. Tarsi thin, seg¬ 
mentation obscure, but apparently of three segments; with two or three long setae 
between the claws. N 

This new genus is necessary on account of the club of antennae being adnate 
with the eighth segment. All the figures of Sph. acaroides Waltl. show the club 
as being quite free and it is thus described. 

Genotype, N. ovensensis, n. sp. 

Neosphaerius ovensensis n. sp. 

Roundly ovate, convex; nitid. Dark brownish-castaneous, antennae, except club, 
and legs flavous. Upper surface glabrous. 

Head small, with fine sparse punctures. Eyes small, slightly prominent. An¬ 
tennae scarcely reaching base of prothorax, club very large. Prothorax strongly 
transverse, with a few fine, short, transverse scratches and sparse microscopic 
punctures. Scutellum small, transversely triangular. Elytra with fairly numerous 
longitudinal scratches and coarse minute punctures. Length, 0-75 mm. 

Hab. Victoria: Harrietville, on the Ovens River, and Wondilligong, on the 
Moore’s Creek (C. Oke). 

Type in Coll. Oke. 

Neosphaerius coenensis n. sp. 

Ovate, convex; very nitid. Piceous, margins and undersurface diluted with 
red. With minute pubescence. 

Head small, with sparse, minute punctures, each puncture with a minute seta. 
Eyes fairly large and prominent. Antennae much as in ovensensis, but club longer. 
Prothorax transverse, with punctures as on head in front, but much larger near 
base. Scutellum very small. Elytra with fairly large and close punctures near base, 
becoming much smaller and sparse towards apex; each puncture with a very fine, 
short seta. Length, 0 70 mm. 

Hab. N. Queensland: Coen, on the Croll Creek (C. Oke). 

Type in Coll. Oke. # s 

This species is more nitid than ovensensis and the punctures on base of pro¬ 
thorax and elytra are much larger and closer, and the setae in the punctures are 
very noticeable under the microscope, these being absent from ovensensis. 

References 

Erichson, 1845. Naturg. I-ns. Deutschl., III, 38. 

Gangelbaur, 1899. Keif. v. Mitteleuropa, III, 291. 

Lacordaire, 1854. Gen. Col. II, 224. 

Reitter, 1909. Fauna Gcrmanica, II, 58. 

Matthews, 1899. Monogr . Coryph. & Sphacr., p. 209. 

Explanation of Text Figures 

Fig. 1. —N eosphaerius ovensensis, n. sp. 

Fig. 2.—Antenna. 

Fig. 3.—Labrum. 

Fig. 4.—Left mandible from below. 

Fig. 5.—Maxilla. 

Fig. 6.—Labium. 

Fig. 7.—Anterior leg. 

Fig. 8.—Middle coxa. 

Fig. 9.—Prosternum. 

Fig. 10.—Abdomen dorsal view. 

Fig. 11.—Abdomen ventral view. 
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A ROOT GALL ON RADISH CAUSED BY ALBUGO CANDIDA 

(PERS.) ICUNTZE 

By Eileen E. Fisher, Fh.D., M.Sc.* 

[Read 11 December 1952] 

In April 1952, specimens of radish ( Raphanus sativus L.) variety Long Scarlet 
were submitted to the Plant Research Laboratory, Burnley, for diagnosis of a root- 
gall condition. The plants were grown at South War randy te, Victoria. 

Symptoms and Etiology 

A gall, slightly paler in colour than the root and measuring approximately 1 • 5 
to 2 cm. in diameter (PI. Ill, fig. 1) was formed on one side of the tap-root of 
diseased plants, just below soil level. 

Freehand sections taken through one of these galls were stained with cotton- 
blue dissolved in lacto-phenol (Smith 1938, p. 234). 

Microscopic examination of these sections revealed an abundance of resting 
spores embedded in the superficial tissue of the gall. Some of the spores were 
immature and in association with these, oogonia measuring 56/x x 50/t, together 
with antheridia measuring 175/a x 25 /a were found (PI. Ill, fig. 2). When mature 
the oospores measured 40 to 48 /a diameter, and the thick yellow walls were con¬ 
spicuously roughened. In the interior of the gall, although no oospores were found, 
intercellular hyphae (approximately 4/a diameter) bearing small, globular haustoria, 
4 to 5/a diameter were abundant (PI. Ill, fig. 5). 

Discussion and Conclusions 

In Europe, in 1932, a similar type of root swelling was recorded on the Icicle 
variety of radish, when Laubert (1932) identified the pathogen responsible, as 
Cystopus candidus (Pers.) Lev. The only other record of this fungus on radish 
roots is a very meagre and somewhat doubtful one. In 1899, Beck (1899) referred 
briefly to Cyst opus candidus in association with Peronospora brassicae, on red radish 
grown in Czecho-slovakia. In this instance a canker-like symptom was attributed to 
Cystopus Candidas, but the fungus itself was so inadequately described that its 
identity is open to question. 

In the present example, although the oospores are slightly larger than those 
of the type-specimen of Cystopus candidus (Saccardo 1888, p. 234), in other 
respects, such as colour and markings of the outer wall, the spores are identical. 
Also, further evidence for identifying the pathogen with Cystopus candidus is pro¬ 
vided by the abundant development of small globular haustoria (PI. Ill, fig. 5), 
which arise laterally on the hyphae. 

The generic name Cystopus, however, according to the rules of priority in 
nomenclature, should be replaced by the older name Albugo (Bessey 1950, p. 135) 
and the gall-forming pathogen now described on radish is named Albugo Candida 
(Pers.) Kuntze. 

* Plant Pathologist, Biology Branch, Department of Agriculture, Victoria. 
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This is the first time in Australia that a root-swelling symptom has been asso¬ 
ciated with Albugo Candida infection of radish. 

In the asexual stage of its development, Albugo Candida produces leaf symptoms 
known as ‘white rust’ which occur quite commonly on radish grown in this country. 
However, this symptom was not observed on the Warrandyte specimens. When 
submitted for examination, the plants were almost completely devoid of leaves, 
having been severely attacked by the cabbage butterfly, Pieris rapae L. Furthermore 
the contributor of the specimens did not notice any sign of ‘white rust’ during the 
growing season of these plants. If this symptom was indeed entirely absent it would 
appear that, in this instance, the asexual stage did not occur in the life cycle of 
the pathogen. 

Bibliography 
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Bessey, E. A., 1950. Morphology and Taxonomy of Fungi. (Blakiston Company.) 
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Saccardo, P. A., 1888. Syll. Fung., Vol. 7. 

Smith, G., 1938. Industrial Mycology. (Edward Arnold & Co. Ltd., London.) 

Explanation of Plate III 

Illustrating radish root infected with Albugo Candida. 

Fig. 1.—Root with gall. Natural size. 

Figs. 2-5.—Sections of gall showing morphology of pathogen. 

Fig. 2.—Oogonium and antheridium x 450. 

Fig. 3.—(above), Ripening oospore surrounded by wall of oogonium; (below), mature oospore 
with associated antheridium x 400. 

Fig. 4.—Mature oospores x 400. 

Fig. 5.—Intercellular hypha bearing numerous globular haustoria x 400. 
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A REVIEW AND REVISION OF THE FLORA OF THE 
VICTORIAN LOWER JURASSIC 
By Lorna M. Medwell 
[Read 11 December 1952] 

Abstract 

Fossil plants occur in the Victorian Jurassic sediments. The majority are impressions only, 
and are unsuitable for detailed anatomical study. 

A review of the literature of the flora, and a list of collections from all recorded localities, 
are given. . 

The genera and species are described and discussed in detail. 

The most abundant and widespread plants are the typical Jurassic species, but there is also 
a distinct Triassic element, which indicates that the flora is close to the base of the Jurassic. 
There is no regularity of distribution or localization of species which would allow a strati- 
graphical subdivision of the flora to be made. 

The Victorian Lower Jurassic—General Geology 

The Victorian Jurassic sediments consist of interbedded mudstones and fels- 
pathic sandstones or arkoses, with minor amounts of conglomerates, felspathic grits, 
and bituminous coal seams (Edwards and Baker 1943). They outcrop in the 
Merino District in Western Victoria (Merino Group), the Otway Ranges (Otway 
Group), the Barrabool Hills near Geelong (Barrabool Sandstone), and the South 
Gippsland Highlands (Strzelecki Group), where the Wonthaggi Coal Measures are 
developed. In northern Victoria, the Ovens Group is represented by several small 
isolated outcrops in the Ovens Valley (Fig. 1). 

Jurassic sediments are also proved by boring over large areas. The most westerly 
record is at Robe, South Australia, where bores showed Jurassic mudstones and 
thin coal seams at 1,450 feet (Ward 1926). In the east, Jurassic sediments have 
been encountered between 2,956 feet and 3,100 feet below sea level in the Sperm 
Whale Head. Bore No. 1, Parish of Boole Poole, 10 miles S.S.E. of Bairnsdale 
( Vic. Mines Dept. Boring Rec. f 1939), and between 3,058 feet and 3,144 feet below 
sea level in Bore No. 1, Parish of Goon Nure ( Vic. Mines Dept. Boring Rec., 1938). 

The total thickness of the sediments is not known with certainty. Selwyn (1868, 
p. 19) estimated 5,000 feet, and Hunter and Ower (1914) also placed the thickness 
at 5,000 feet, allowing for 1,000 feet of erosion and 1,000 feet possible extension 
beneath the lowest bore records. Bores have penetrated 2,804 feet in the Otways 
(Bore No. 1, Forrest, Parish of Yaugher, Vic. Mines Dept. Ann . Rep., pp. 153, 
154, 1908, and pp. 157, 158, 1909); 3,032 feet in South Gippsland (Bore No. 1, 
Coalville, Parish of Moe, Vic. Mines Dept . Diamond Drill Rec. f p. 35, 1884) ; and 
2,633 feet at Powlett River (Bore No. 9, Vic. Mines Dept. Ann. Rep. t p. 178, 
1908) ; without passing out of the Jurassic. 

The base of the series is seen in the Tyers Conglomerate along the Tyers River; 
the conglomerates and interbedded grits of the San Remo Peninsula, which contain 
pebbles of the Woolamai granite and of Ordovician sediments and thus mark a 
marginal facies; and the ‘Basal Beds—conglomerates and boulder beds—in the 
Barrabool Hills, Geelong (Coulson 1930). The fossiliferous sandstones at Rhyll 
must also be near the base of the series. At Chitt Creek, near Toora, a conglomerate 
occurs at the junction of the Jurassic and Silurian (Ferguson 1906). 
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Silurian bedrock outcrops at Wonthaggi and at Kongwak. It has been reached 
at relatively shallow depths at Powlett River—382 feet (Bore No. 10, 1908) ; at 
Kongwak—610 feet (Bore No. 17, 1930) and 916 feet (Bore No. 16, 1930) ; at 
Kirrak—599 feet (Bore No. 2, 1912) and 810 feet (Bore No. 29D, 1912) ; and 
at Korumburra—935 feet'(Bore No. 93, 1943). 

The sediments are of lacustrine origin. It is not known whether deposition 
occurred simultaneously in several small isolated basins, or in one large basin 
which was later broken up by Tertiary earth movements. Close faulting, the 
absence of marker horizons, the lenticular nature of the deposits, and the great 
thickness and uniformity of the arkoses, make attempts to subdivide the formation 
very difficult. 

Workable coal is restricted to the area around Wonthaggi, Jumbunna, Korum¬ 
burra and Outtrim, but small coal seams occur throughout the whole Jurassic area. 
Fossil plants are found in both the arkoses and the mudstones. In the coarser 
arkose, the impressions are generally coalified and indeterminable. Tree trunks 
occur in abundance in the arkose, and often reach considerable dimensions, but 
are not well preserved. Silicified stems are rare. The mudstones allow a much 
better preservation, and contain abundant impressions of leaves, often very delicate, 
which show details of leaf shape and venation well. The fragmentary nature of 
the plant remains, in conjunction with the nature of the sediments, points to a drift 
origin of the coal and plant beds. 

The Flora of the Victorian Lower Jurassic 

Introduction 

With the beginning of the Geological Survey of Victoria, and the search for 
workable coal, many fossil plants were collected from localities in South Gippsland, 
the Bellarine Peninsula, and the Cape Otway and Merino Districts in Western 
Victoria, and most of these were examined and identified by Professor Sir Frederick 
McCoy. The death of Professor McCoy occurred in 1900, before manuscript 
descriptions of these fossils had been completed, and plates of McCoy’s illustra¬ 
tions were published by Stirling with very inadequate descriptions. Stirling states 
that he found it impossible to compare all the illustrations with the original 
specimens. 

Seward (1904) examined a collection of Jurassic plants sent from South Gipps¬ 
land and the Otways, and Chapman (1908 to 1919) identified and recorded plants 
from many Victorian localities. Since then, material has been collected by various 
field workers, and has remained undescribed and for the most part unidentified in 
the National Museum of Victoria, the Geological Museum, and the Geology Depart¬ 
ment of the Melbourne University. 

In the past thirty years great advances have been made in the study of fossil 
plants. The investigations of Harris, Thomas, Florin, and many others, have .greatly 
modified the older concepts and methods of investigation, and as a result much of 
the work of earlier palaeobotanists is in need of revision. In Australia this has 
been done, as yet, only for Queensland material, the most recent work in other 
States having been done before the significance of the new methods of investigation 
was realized. 

In this revision of the Jurassic flora of Victoria, all the available material, 
including most of the specimens investigated by Stirling, McCoy, Seward and 
Chapman, has been examined. Specimens collected since 1917 from many pre¬ 
viously known localities, and from new localities discovered in connection with the 
revision, have been dealt with. 
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The Victorian material consists mainly of carbonaceous impressions in which 
the preservation is poor, and in general is unsatisfactory for detailed anatomical 
study. This is unfortunate, as recent work has shown the importance of the study 
of cell structure in fossil plants. Cuticles, in particular, are being used increasingly 
in the definition of species, and where these remain unknown, many forms can be 
placed only in the wider form genera and species, and accurate determination is 
often impossible. 

Attempts to obtain cuticles from the Victorian material were completely un¬ 
successful. The material was first treated with 40 per cent HF, and then macerated 
with Schultze’s solution, followed, after washing, by dilute ammonia. Various 
modifications of the method were tried, but in all cases the fossil completely dis¬ 
integrated in solution. An attempt was made to remove the plant from the rock 
for closer examination, by using a modification of the peel methods of Walton and 
Koopmans (1928), Graham (1933), and Darrah (1936). With the nitrocellulose 
peel solution given below, the whole fossil was readily removed from the rock, 
but no further structural details were observable, and features such as venation, 
outline, etc., were very little clearer. 

Peel Solution: 

40 gm. nitrocellulose. 

200 cc. solvent—1 part butyl acetate. 

2 parts acetone. 

20 cc. xylol. 

2 cc. plasticiser (castor oil or dimethyl phthallate). 

It was thought that by mounting and redissolving the peel, the fossil alone could 
be obtained, but when the peel dissolved, the fossil disintegrated completely. It 
seems that there is no film of any type to hold the carbonaceous material together, 
such as would be expected if the cuticle were preserved. Cuticle is present in the 
Victorian Jurassic material only in exceptional cases. 

Owing to the closing of the Geological Museum prior to the proposed Royal 
Tour, the Mines Department material became unavailable before a second examina¬ 
tion could be made. All the specimens in the National Museum and the Geology 
Department of the Melbourne University have been examined. 

Review of Literature 

Literature concerning Victorian Mesozoic plants and the strata in which they 
occur extends back to the middle of the nineteenth century, but it is nearly fifty 
years since Seward’s important paper appeared, and since then little has been 
written on the Victorian Jurassic flora. In the following review the results of 
previous work are given chronologically to show the growth of knowledge of the 
flora and of ideas on the age of the plant-bearing beds. 

At a meeting of the Royal Society of Victoria McCoy (1860) exhibited a new 
species of Taeniopteris, collected by Daintree from the coal works of the Bass 
River. He particularly noted the strong midrib, with some simple and some forked 
veins perpendicular to it. The species was compared with T. vittata Brongniart 
of the Whitby Oolite and was named T. daintreei McCoy. McCoy believed that it 
indicated Oolitic age. 

In a controversy between Clarke (1860) and McCoy, published by the Royal 
Society of Victoria, in which the age of the Victorian coal beds and the significance 
of Taeniopteris were involved, McCoy maintained that the Victorian specimens 
were of Oolitic age, and that as they were identical with many in the Newcastle 
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seams of New South Wales these too should be referred to the Oolite. Clarke 
combated both conclusions. 

Selwyn (1861) reported ‘Oolitic Coal Rocks’ in a large area in south-western 
Victoria, outcropping at intervals along the valleys of the Wannon and Glenelg 
Rivers. Taeniopteris daintreei was recorded. A shaft sunk for water at Coleraine 
yielded Oolitic plants. 

Daintree (1861) believed that Jurassic rocks underlay the entire area of 
Bellarine and Faywit, outcropping only at Port Arlington. Figures, drawn from 
photographs of specimens, were given of Zamites longifolius McCoy, Z. barklyi 
var. brevior McCoy, Z. ellipticus McCoy and ‘Pecopteris and Sphenopteris, new 
species’. 

McCoy (1862) recorded the following fossil plants associated with the coal 
seams at Cape Patterson and Bellarine, highly characteristic of the Mesozoic: 
Pecopteris australis (identical with the Indian species from the Rajmahal Hills) ; 
from Bellarine: Zamites ellipticus McCoy, Z. barklyi McCoy, Z. longifolius McCoy 
(also seen from N.S.W.) ; from Cape Patterson, Bellarine and Barrabool Hills: 
Taeniopteris daintreei McCoy. 

Wilkinson (1864-65) reported that Mesozoic coal-bearing rocks extended con¬ 
tinuously from Geelong to Cape Otway, and thence westwards for an unknown 
distance, and recorded plants. 

McCoy (1867) gave a summary of the plants of the Victorian coal beds and 
reasserted their age as Mesozoic, relating them to the Burdwan and Rajmahal coal 
beds of India and the Scarborough series of the Yorkshire Oolite. 

The Select Committee on Coalfields, Hodgkinson, Brough Smyth and Couch- 
man (1872), reported that the Cape Patterson, Bellarine, Wannon and Cape Otway 
fields were all Mesozoic but not equivalent. 

Brough Smyth (1874) reported the following plants, identified by McCoy, from 
shales associated with coal at Corinella, Cape Patterson, Strzelecki Ranges, Bellarine, 
Loutit Bay, Apollo Bay, Cape Otway and the Wannon River: Taeniopteris daintreei 
Sphenopteris sp., Zamites ellipticus, Z. longifolius, Phyllotheca australis, Neuropteris 
spp., Hymenophyllites sp., Rhizomata, Pecopteris australis . 

Krause (1874) recorded plants and abundant impressions at Spout Creek, near 
Airey’s Inlet, at Retreat Creek, Bambra, and at Wild Dog Creek, Apollo Bay. 
Brough Smyth and Couchman (1874) reported numerous plants one mile from 
the mouth of Wild Dog Creek. 

McCoy (1874-79) in his Prodromus of the Palaeontology of Victoria, figured 
and described many of the plants associated with the black coal of Victoria, referring 
them to the Oolite, and provided the first full descriptions of Victorian fossil plants. 
1874, Decade I: Podozamites barklyi McCoy, P. barklayi var. gracilis, P. barklyi 
var. brevior, P. ellipticus McCoy, P. longifolius McCoy; 1875, Decade II: Taeniop¬ 
teris daintreei McCoy, Pecopteris australis Morris. 

Clarke (1878) discussed at length the age of the New South Wales and Victorian 
coal beds. He contested the opinion of the Victorians that the New South Wales 
Coal Measures were of Mesozoic age, stating that the beds containing Glossopteris 
were Palaeozoic. He quoted Feistmantel’s suggestion of the presence of an Upper 
and Lower Coal Measures and placed the Victorian beds in the Upper. 

Tenison-Woods (1883) listed Jurassic shales as occurring at Cape Otway, 
Wannon and Glenelg, Cape Patterson to the Latrobe River, and Welshpool, and 
recorded plants from these beds. 

Murray (1889) recorded a new species Sphenopteris warragulensis McCoy 
from the west branch of the Lang Lang River. 
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Feistmantel (1890) discussed the stratigraphical relations of Australian plant 
beds and gave complete descriptions of the known plant species. 

Stirling (1891) recorded Taeniopteris and Alethopteris from South Warragul 
and (1891 A) T. daintreei, with description, a species of Sphenopteris, and a Podoza¬ 
mites, from Korumburra. McCoy (1892) gave a list of determinations of a series 
of photographs, contained in the National Museum of Victoria, made by Stirling, 
which included: Taeniopteris daintreei McCoy from Jeetho Valley, Wild Dog Creek 
and South Warragul; Sphenopteris (Ercrnopteris) warragulensis McCoy, feetho 
Valley and Korumburra; S. ampla McCoy, Korumburra; Podozamites or Albertia 
or Palissya, Pecopteris australis; Baiera robusta McCoy; B. gracilis McCoy. These 
made up ‘the first moderately extensive collection’ of fossil plants from Gippsland 
and demonstrated the identity of these beds with those at Bellarine and Apollo Bay. 

In Reports on Victorian Coalfields (1892-1900) Stirling made the first attempt 
to assemble data on the coal-bearing strata in Victoria. The first report (1892) 
deals with an area around Korumburra, Nyora, Loch and Bena, and appendix Ci 
‘Notes on the Fossil Florida and Faunae of the Gippsland Carbonaceous Area’ 
contains a bibliography of the previous literature relating to the Mesozoic flora and 
a list of the species recorded. Of these Alethopteris ( Pecopteris) australis Morris 
was figured and the following figured for the first time: Sphenopteris warragulensis 
McCoy, S. ampla McCoy, Baiera subgracilis McCoy, B. australis McCoy, Albertia 
australis McCoy. Photographic illustrations are given but descriptions are often 
lacking and in all cases are inadequate. The age of the beds was stated by McCoy 
to be'Jurassic. The seventh report deals with several plants of which Sphenopteris 
warragulensis McCoy, S. crassincrvis McCoy, S. ampla McCoy, Podozamites barklyi 
McCoy, Albertia australis and Palissya australis are figured, Baiera robusta McCoy 
and Phyllotheca australis are described, and Alethopteris australis Morris, Taeniop¬ 
teris daintreei McCoy, T. carruthersi Woods, Sphenopteris fosteri Stirling, S. travisi 
Stirling, Sagenopteris carruthersi, Baiera australis McCoy and Brachyphyllum 
gippslandicum McCoy were figured and described. 

Dun (1898) discussed Taeniopteris daintreei McCoy and concluded that the 
Victorian form could not be separated from the Indian Angiopteridium spathulatum. 
T. carruthersi Woods was also described. 

Stirling (1901) placed the prevailing formation at Apollo Bay as ‘Trias-Jura’, 
stating that this had been changed from Jurassic on the opinion "of Etheridge. In 
an appendix a list of fossils from Skene’s Creek, determined by Etheridge, was given. 

Seward (1904) described and discussed specimens sent to him by the Depart¬ 
ment of Mines and Water Supply of Victoria, from South Gippsland and Apollo 
Bay. The examination of numerous specimens of Taeniopteris daintreei and asso¬ 
ciated plants led him to agree with McCoy’s opinion of the Jurassic age of the 
flora. Stirling’s figured specimens were reviewed and the possibility noted of 
referring some of McCoy’s species to other species, as follows: Sphenopteris crassi¬ 
ncrvis = ?S. ampla; S. fosteri and S’, travisi = ? Coniopteris hymenophylloides; 
Taeniopteris carruthersi = T. daintreei var. major; Palissya australis = Taxites. 
Several plants are fully described and figured and Seward correlated the Victorian 
beds with the Inferior Oolite of England or the Rajmahal Series of India on the 
following ten types ‘almost indistinguishable from English forms’: Marchantites sp., 
Lycopoditcs victoriae n. sp., Coniopteris hymenophylloides Brongniart var. australica 
Seward, Taeniopteris daintreei McCoy. Cladophlcbis denticulata Brongniart var. 
australis Seward, Ginkgo sp., Baiera australis McCoy, B. delicatula n. sp., Nilssonia 
sp. Araucaritcs sp. A, Taxites sp. Seward noted that although Taeniopteris is gen¬ 
erally unsatisfactory as an index fossil the narrow form is relatively uncommon, 
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but occurs also in the Rajmahal (Lias) and Kota-Maleri (Lower Oolite) Series of 
India. He regarded Sphenopteris ample as identical with S. hislopi Oldham and 
Morris (1863), and Lycopodites victoriae as very similar to Araucarites gracilis 
(C heir ole pis Feistmantel) from the Rajmahal Hills. 

Chapman (1908) listed specimens collected by Kitson from Whitelaw railway 
station, South Gippsland. These are ‘Jurassic plants which appear to be from a 
slightly different horizon or at all events from an area exhibiting a different facies 
from that which yielded the specimens dealt with by Seward’. Chapman was of the 
opinion that 1 Taeniopteris spatulata and its varieties range through the whole series, 
but that the other plants probably occur at definite horizons, and can be used for 
correlation’. He recorded Sphenopteris elongata which would indicate an horizon 
lower than that of Seward’s collection. Species recorded by him not contained in 
the material examined by Seward include: Thinnfeldia odontopteroidcs Morris, 
7\ sp. indet., 7\? indica Feistmantel, Araucarites sp., Brachyphyllum gippslandicmn 
McCoy, Palissya australis McCoy, Cheirolepis cf. cetosus Phillips, Albertia ? or 
Dammara ?. He discussed at length the species Taeniopteris and commented on 
Brachyphyllum, Palissya, and a new record of Cheirolepis setosus. Chapman (1909) 
listed a number of plants from many localities in South Gippsland and the Western 
District, of which those not mentioned in the 1908 paper include: Rhisornopteris 
etheridgei Seward, Conites sp., Araucarioxylon sp., Podozamites kidstom Etheridge 
fil., Stenopteris elongata , S. sp. Correlating the Tasmanian and Victorian Jurassic 
beds (1912) he believed them to be only partly comparable, and suggested that 
a complete revision of the Tasmanian Mesozoic might throw light on the relationship 
with the Victorian beds, which are of ‘approximately similar age’. Genera common 
to the two are Taeniopteris, Cladophlcbis, Baiera and Ginkgo, while Macrotaeniop- 
terisj Phoenicopsis and Pterophyllum tend to indicate a lower horizon in Tasmania, 
probably Triassic. 

Walkom (1918) remarked upon the work done on the Victorian flora by Seward 
and Chapman and stated that ‘there is no doubt that the Victorian Mesozoic Coal 
Measures are to be correlated with the Walloon Series of Queensland and its 
equivalent in New South Wales’ (i.e. the Clarence, Talbragar and Artesian Series). 

Chapman (1919) again discussed the Victorian flora which he correlated with 
the Upper Oolite plants of Yorkshire, noting that some, e.g. Stenopteris and Thinn¬ 
feldia pointed to a lower Mesozoic horizon. 

Coulson (1930) discussed the lithology and distribution of the Jurassic rocks 
of the Barrabool Hills and collected plants, determined by Keble, from basal beds 
exposed in a cliff of the Barwon River. These are listed in the locality list under 
Locality No. 138, Queen’s Park, Geelong. Keble compared the flora with the 
Sphenopteris ample beds from Archie’s Creek and Binginwarri but suggested that 
the Barrabool Hills beds at Ceres were older than them, though still Jurassic, because 
of the presence of Ginkgo and Baiera , and that at Jumbunna there is at least 1,500 
feet of Mesozoic rocks below the fossil band while at Ceres there would not be 
more than 100 feet. A record was also made of a collection obtained from a mud¬ 
stone band in Queen’s Park and the Newtown Brickpit. 

Florin (1952) revised the type specimens of Zamites ( Podozamites ) barklyi 
McCoy 1874, and Z. (P.) longifolius McCoy 1874. He obtained cuticle from Z . 
barklyi and for this conifer instituted the new genus Bellarinea Florin 1952. Z. 
longifolius did not yield material suitable for detailed anatomical study and was 
transferred by Florin to the artificial genus Elatocladus Halle 1913 and placed in 
a new species, Elatocladus mccoyi Florin 1952. Florin pointed out that both speci¬ 
mens were probably podocarpaceous conifers, and not cycads as supposed by McCoy. 
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The cuticle of Bellarinea barklyi was found to have been attacked by a saprophytic 
fungus, probably belonging to a group of the pyrenomycetes. 


Record of Fossil Plants 

A list of collections from various localities is set out below. The list is arranged 
under county and parish, proceeding from east to west across the State. The names 
are those recorded by the author concerned but where revision has been necessary 
the revised name appears in parenthesis. 

The following new localities may be mentioned in more detail: 

Rhyll, Phillip Island 

Material was obtained from the road metal quarry at Rhyll, at the only Mesozoic 
outcrop on Phillip Island. The fossiliferous shale occurs as small lenses in the pre¬ 
vailing arkose. One such lens was found by Mr. A. N. Carter in the floor of the 
quarry, and yielded Taeniopteris tenison-woodsi, Thinnfeldia pinnata, and Clado- 
phlebis australis. Further bands were found by the author 6 feet and 18 feet from 
the top of the quarry face. The fossils occur in a fine micaceous arkose, which is 
rather crumbly, and obscures details of venation in nearly all specimens. 

Screw Creek 

At Screw Creek, l-£ miles east of Inverloch, beds containing fossil plants dip 
to the north-east, outcropping at the mouth of the creek in the cliff and in the 
shore platform. Two beds were examined: 

Bed A.— 20 yards east of the creek, containing many unidentifiable ?gymno- 
sperm cones. 

Bed B.—16 yards east of the creek. 


Coastline, Cape Patterson to Inverloch 

Shore platform at Cape Patterson. Good specimens were found in the vicinity 
of the two coal seams marked on the 76 S.W. Quarter Sheet, west of the volcanic 
neck at Cape Patterson. 

Shore platform off Petrel Rock. Material was collected here by Messrs. E. D. 
Gill and A. A. Baker. Excellent specimens were obtained from beds dipping north 
at about 15° between high and low tide levels, 80 yards north of the northern 
basalt dyke marked on Quarter Sheet 76 S.W. 

Queen’s Park, Geelong 

Fossils were collected from a narrow band about 30 feet above the road level 
in the Barwon River cliffs at the bridge on the Highton Road, directly opposite 
the gates to Queen’s Park Reserve. 

The collection in the National Museum of Victoria listed under Locality 138 
was made by Mr. D. F. Jeffrey from a band at the same level 2 chains west of 
the bridge. 


Key to Locality List 

Location of Specimen 


1 . 

2 . 

3. 

4. 

5. 

6 . 


Specimen 

Specimen 

Specimen 

Specimen 

Specimen 

Specimen 


not available. 

in Geology Dept., University of Melbourne, 
in Geological Museum, Melbourne, 
in the National Museum of Victoria, 
in the Pritchard Collection, N.M.V. 
in the Deane Collection, N.M.V. 
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Record 

S. Record made by Seward, 1904. 

C(i). Record made by Chapman, 1908. 

C. Record made by Chapman, 1909. 

C(ii). Unpublished determination by Chapman. 

M. Record made by McCoy, 1874. 

M(i). Record made by McCoy, 1871-72. 

M(ii). Record made by McCoy, 1867. 

E. Unpublished catalogue. Mines Dept Vic., Etheridge. 

E(i). Record made by Etheridge, 1914. 

E(ii). Record made by Etheridge, 1902. 

St(i). Record made by Stirling, 1892. 

St(ii). Record made by Stirling, 1893. 

St(iii). Record made by Stirling, 1895. 

St(iv). Record made by Stirling, 1895a. 

St(v). Record made by Stirling, 1895b. 

St(vi). Record made by Stirling, 1897. 

St(vii). Record made by Stirling, 1900. 

St(viii). Unpublished catalogue, Mines Dept. Vic., Stirling. 

St(ix). Record made by Stirling, 1901. 

Sel. Record made by Selwyn, 1886. 

H. Record made by Hall, 1901. 

Cn. Record made by Coulson, 1930. 

Gippsland 

County of Buln Buln 

Parish of Calignee 

1. Calignee: 1C, Taeniopteris spatulata ; lSt(vii), T. spatalata var. daintreei 
( T . spatulata) ; IS, Podosamites longifolius (? Elatocladus ) ; 4St(vii), Baiera 
australis (Ginkgoites australis) ; B. robusta (G. australis) ; IS, Sphenopteris 
crassinenns (S. liislopi) ; S. zvarragulensis (S. hislopi) ; 4S, Baiera subgracilis 
(Ginkgoites australis). 

Parish of Devon 

2. Allot. 157a: 1C, Sphenopteris ampla (S. hislopi). 

Parish of Binginwarri 

3. Allot. 74Bi: 1C, Sphenopteris ampla (S. hislopi). 

4. Allot. 74Bj: 1C, Sphenopteris ampla (S. hislopi ); 4C, Stenopteris elongata 
( Czekanozvskia sp.). 

5. Allot. 74Bf: 1C, Sphenopteris ampla (S. hislopi). 

6. Allot. 74J: 1C, Sphenopteris ampla ( S . hislopi). 

7. Allot. 74H: 1C, Sphenopteris ampla (S. hislopi ); 1C, Taeniopteris spatulata; 
1C, Baiera australis (Ginkgoites australis ); 1C, Carpolithes sp.; 1C, Aran- 
carites sp. 

8. Allot. 76Bi: 4C, Sphenopteris ampla (S. hislopi) ; 1C, Taeniopteris spatulata ; 
1C, Podozamites kidstoni ; P. ellipticus ; P. barklyi ( ? Bellannea) ; 1C, Conites 
sp. ; 1C, Arauearites sp. 

9. Allot. 77B: 1C, Coniopteris hymenophyUoides var. aiistralica ; 4C, Sphenop¬ 
teris ampla (S. hislopi) ; 1C, S. elongata ; 1C, Taeniopteris spatulata. 

Parish of ?. 

10. Albert River: IS, Sphenopteris crassinervis (S. hislopi ); lSt(vii), Podoza¬ 
mites barklyi ( ? A gat his or Araucaria) ; lSt(vii), Baiera subgraeilis ( Gink¬ 
goites australis) ; 4St(vii), Albertia australis; lSt(vii), Phyllotheca australis; 
lSt(vii), Brachyphyllum gippslandicum; 4C, Stenopteris elongata (Czek- 
anowskia). 
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11. Kyergaards: ISt, Alethopteris australis (Cladophlebis australis ); Splienop- 
tcris warragulensis (S. hislopi). 

Parish of Welshpool 

12. Welshpool: 1C, Equisetites ; 4S, Lycopodites mctoriae ; IS, Cladophlebis 
denticnlata var. australis (C. australis) ; lE(ii), Angiopteridium spathulatum 
(Taeniopteris spatulata ) ; Conifer. 

13. ‘Near Christenson's’: 3, Taeniopteris spatulata. 

14. Allot. 25: 3, Albertia australis; Taeniopteris spatulata; Sphenopteris hislopi. 

15. Allot. 63: 3, Sphenopteris hislopi. 

16. Hedley, Hodder’s Gully: 1C, Sphenopteris ampla (S. hislopi); Rhizomes. 

Parish of Toora 

17. Agnes Tin Mine: 3C, Sphenopteris ampla (S. hislopi). 

18. Allot. 18: 3, Sphenopteris hislopi ; Taeniopteris spatulata. 

Parish of Mirboo South 

19. Mirboo South: 1C, Taeniopteris spatulata var. daintreei (T. spatulata). 

Parish of Mirboo 

20. Mirboo: 4, Taeniopteris spatulata; Czekanowskia ?. 

21. Mirboo North: 4, Taeniopteris spatulata. 

Parish of Budgeree 

22. Allot. 16: 3, Sphenopteris hislopi; Cladophlebis australis: Taeniopteris spatu¬ 
lata. 

Parish of Traralgon 

23. Traralgon: 4C, Taeniopteris spatulata. 

Parish of Narracan 

24. Narracan Creek: 4, Coniopteris hymen ophylloides var. australica; Sphenop¬ 
teris hislopi; ? Schizoneura sp. 

Parish of Moe 

25. Moe: 4, Taeniopteris spatulata; Sphenopteris hislopi; Ginkgoites australis; 
Czekanowskia; Coniopteris hymenophylloides var. australica; Neocalamites. 

26. Mount Speed, quarry 2 miles south of Trafalgar: 2, Sphenopteris hislopi; 
Brachyphyllum gippslandicum; Taeniopteris spatulata; Cladophlebis australis. 

Parish of Warragul 

27. Warragul South: 1C, Taeniopteris spatulata var. daintreei ( T. spatulata); 
IS, Sphenopteris warragulensis (S. hislopi). 

Parish of Allambee East 

28. Allot. 110a, N.W. corner: 1C, Cladophlebis denticnlata var. australis (C. 
australis) ; Taeniopteris spatulata ; 3C, T. spatulata var. carruthersi ( T. spatu¬ 
lata) ; 1C, T. spatulata var. daintreei ( T. spatulata); 4C, T. spatulata var. 
crcnata ( T. crenata) ; 1C, Thinnfeldia mccoyi. 

29. Allots. 78, 78a: 1 St(i ) 9 Sphenopteris warragulensis (S. hislopi). 

30. ‘Across from FrancombV: 5, Cladophlebis australis; Taeniopteris spatulata. 

31. Road between Allots. 69c and 69d: 1C, Taeniopteris spatulata var. carruthersi 
(7\ spatulata); Wood fragments; Araucarian cone scales. 


B 
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Parish of Allambee 

32. Reserve, 12 miles north of Mirboo North: 3, Taeniopteris spatulata; Clado- 
phlebis australis. 

33. Bowden's Creek, Tarwin Coal Company Seam: lSt(ii), Taeniopteris; Sphen- 
opteris . 

Parish of Koorooman 

34. Ruby Creek: 1C, Sphenopteris arnpla (S. hislopi) ; Brachyphyllmn gipps- 
land i cum; Araiicarites sp., cone scale. 

35. Splitter’s Gully, off Ruby Creek: 1C, Sphenopteris arnpla (S. hislopi ); 4, 
Taeniopteris spatulata. 

36. Harman's Coal Seam, Ruby Creek: 1C, Thinnfeldia mccoyi; Sphenopteris 
arnpla (S. hislopi); Taeniopteris spatulata; T. spatulata var. daintreei (T. 
spatulata); T. spatidata var. carruthersi (T. spatulata); Rhizomopteris 
eiheridgei ; Po do samites ellipticus ; P. kidstoni ; Carpolithcs. 

Parish of Korumburra 

37. Korumburra: IS, Baiera australis ( Ginkgoites australis) ; P. subgracilis (G. 
australis); P. robusta (G. australis); Sphenopterisivarragulensis (S. hislopi) ; 
S. crassinenns (S. hislopi) ; 4, hislopi ; Taeniopteris spatidata . 

38. Fay’s Hill: 1C, Taeniopteris sp. (7\ spatulata ); Sphenopteris arnpla (S. 
hislopi ). 

39. Cutting, Jumbunna Line: 1C, Stems, roots and seeds. 

40. Coal Creek Proprietary Mine, Allot. 87. 4S, Rhizomopteris etheridgei; 4C, 
Taeniopteris spatulata. 

41. Shaft No. 1: 3C, Coniopteris hymenophylloides var. australica; Sphenopteris 
arnpla (S. hislopi); Taeniopteris spatulata; 1C, T. spatulata var. daintreei 
(T. spatulata) ; T. spatulata var. carruthersi (T. spatulata) ; T. sp.; Rhizo¬ 
mopteris etheridgei. 

42. Foster Creek: IE, ?Phyllopteris (? Phyllopteroides) ; Sphenopteris ivarra¬ 
gulensis (S. hislopi) ; S. arnpla (S. hislopi) ; Trichomanites; Baiera subgracilis 
( Ginkgoites australis ); Angiopteridium spathulatum (Taeniopteris spatulata) ; 
3S, Sphenopteris arnpla (S. hislopi); IS, Taeniopteris daintreei. 

43. Allot. 97: IS, Carpolithes sp. A; C. sp. B. 

44. Strzelecki Mine, above seam: 3C, Taeniopteris spatulata var. carruthersi 
(7. spatulata) ; 1C, Carpolithes sp. A; 3, Fragment of Thinnfeldia. 

Parish of Drumdlemara 

45. Guddon's Well, Allot. 31a: 1C, Sphenopteris arnpla (S. hislopi). 

46. Screw Creek. Bed A, 20 yards east of creek: 2, Taeniopteris spatulata; 
Gymnosperm cones. 

47. Screw Creek. Bed B, 16 yards east of creek: 2, Taeniopteris spatulata; 
Sphenopteris hislopi; Ginkgoites australis; Araucarites cutchensis; ? Thinn¬ 
feldia mccoyi; Dicroidium odontopteroides. 

County of Mornington 
Parish of Jeetho 

48. Bena: 1C, Thinnfeldia odontopteroides (Dicroidium odontopteroides); T. 
maccoyi (7. mccoyi); Taeniopteris spatidata; 7. spatulata var. carruthersi 
(7. spatulata); Palissya australis (Elatocladus conferta); 3, Sphenopteris 
hislopi. 
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49. Canobea’s Creek: 3S, Sphenopteris ampla (S. hislopi). 

50. Allot. 48, Hennessy’s Well: 3C(i), Carpolithes sp.; Taeniopteris spatulata; 
T. spatulata var. daintreei ( 7 . spatulata ); lC(i), T. spatulata var. carruthersi 
(7. spatulata) ; 3C(i), ? Plagiophyllum. 

51. Jeetho Valley: 1C, Taeniopteris spatulata var. daintreei ( T. spatulata ); 7. 
spatulata var. carruthersi (7. spatulata) ; lSt(vii), Brachyphyllum gippslan- 
dicuml IS, Albcrtia australis ; 4, Csekanowskia ; lSt(vii), Taeniopteris car¬ 
ruthersi (7. spatulata ); 3St(viii), Sphenopteris zvarragulensts (S. hislopi ); 
lSt(vii), Taeniopteris daintreei (7. spatulata). 

52. Jeetho, Cutting 89: lSt(i), Taeniopteridae, Sphenopteris. 

53. Whitelaw: lC(i), Comopteris hymenophylloides var. australica ; 3C(i), 
Cladophlebis denticulata (C. australis) ; Sphenopteris ampla (S. hislopi); 
43C(i), Thinnfeldia odontopteroides (Dicroidium odo’Htopteroides) ; 3C(i), 
Thinnfeldia mccoyi ; T*. sp. (7. mccoyi) ; 4C(i), 7. ? indica {Dicroidium 
acuta); 43C(i), Taeniopteris spatulata ; 4C(i), 7. spatulata var. daintreei 
(7. spatulata); 3C(i), 7. spatulata var. carruthersi (7. spatulata); 4C(i), 
Araucaritcs sp.; Brachyphyllum gippslandicum; 43C(i), Palissya australis 
(Elatocladus conferta) ; 4C(i), Cheirolepis cf. setosus (? Brachyphyllum) ; 
1C (i), Sphenopteris warragulensis (S. hislopi) ; Albertia or ? Dammar a. 

Parish of Jumbunna 

54 Jumbunna: 1C, Taeniopteris spatulata var. carruthersi (7. spatulata) ; lSt(i), 
Alethopteris australis (Cladophlebis australis); 3C, Taeniopteris spatulata ; 
4S, Taxites sp. (Elatocladus conferta); 3, Sphenopteris hislopi; Ginkgoites 
australis; 1C, Rhizomopteris etheridgei. 

55. Screen’s Railway Section: 1C, Comopteris hymenophylloides var. australica; 
3C, Sphenopteris ampla (S. hislopi) ; 1C, Taeniopteris spatulata; 7. spatulata 
var. daintreei (7. spatulata); Carpolithes sp.; 4C, Stenopteris ( Czekanow- 
skia) ; 1C, Baiera australis (Ginkgoites australis) ; Baiera sp. 

56. Railway Line to Outtrim: 4, Dicroidium acuta. 

57. Gooch's Big Cutting: 4C, Root of Equisetites. 

58. Chinaman’s Gully: 3, Taeniopteris spatulata. 

59. Allot. 62: 4S, Adiantites lindsayoides; Araucarites sp. A., Coniopteris hymen¬ 
ophylloides var. australica; Sphenopteris ampla (S. hislopi). 

60. Wolonga: 3S, Sphenopteris ampla ( S. hislopi). 

61. Allot. 29: IS, Sphenopteris ampla (S. hislopi). 

62. Allot. 51: IS, Sphenopteris ampla (S. hislopi). 

63. Allot. 53a, McKenzie’s Coal Seam: IS, Sphenopteris ampla (S. hislopi); 
4S, Taeniopteris daintreei var. major (7. spatulata) ; Cladophlebis denticu¬ 
lata var. australis ( C. australis) ; Thinnfeldia mccoyi; Nilssonia sp.; 3S, 
Taeniopteris daintreei (7. spatulata). 

64. Allot. 48, Scotty’s Creek: 3S, Sphenopteris ampla (S. hislopi). 

65. Allot. 65, Lance Creek, Barregowa: 4S, Sphenopteris ampla (S. hislopi); 
3S, Taeniopteris daintreei (7. spatulata); 43S, Coniopteris hymenophylloides 
var. australica; 3S, Rhizome; IS, Araucarites sp. B. 

66. Allot. 22: IS, Carpolithes sp. A. 

67. Allot. 49, Luke’s Laurel Gully (Krowera) : 3S, Sphenopteris ampla (S. 
hislopi); 43S, Taeniopteris daintreei (7. spatulata); 4S, Thinnfeldia sp. 
( Phyllopteroides) ; Ginkgo sp. (Ginkgoites antarcticus) ; 3, Phyllopteroides; 
IS, Araucarites sp. B. 

68. Allot. 39: 43S, Ginkgoalcs flowers. 
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69. Allot. 13: IS, Taeniopteris daintreei ( T. spatulata). 

70. Allot. 55: IS, Sphenopteris ampla (S. hislopi); 4S, Brachyphyllum sp. 
(Brachyphyllurn gippslandicum ) ; Coniferous shoot. 

71. Allot. 39c, Foster Creek, Moyarra: IS, Adiantites lindsayoides ; 43S, Sphenop¬ 
teris ampla (S. hislopi) ; lE(ii), Taeniopteris tenison-zvoodsi. 

Parish of Jumbunna East 

72. Heath’s Creek: 1C, Sphenopteris ampla ( S . hislopi). 

73. Allot. 55, Elm's House: 1C, Coniopteris hymenophylloides var. australica' 
Taeniopteris spatulata var. daintreei (T. spatulata) ; Baiera cf. gracilis (? Gink - 
goites australis) ; Carpolithes sp. 

74. Allot. 50, Rainbow Creek, Moyarra: 3S, Araucarites sp. B; IS, Carpolites sp. 
^4 ; 4S, C. sp. Z?; Taeniopteris daintreei (T. spatulata) ; IS, Taxites fragment 
(Elatocladus). 

75. Allot. 20: IS, Sphenopteris ampla (S. hislopi ); 34S, S’. sp. (5. hislopi); 
3S, Coniopteris hymenphylloides var. australica; Taeniopteris daintreei var. 
major (T. spatulata) ; Araucarites sp. Z>. 

76. Allot. 16: 3S, Coniopteris hymenophylloides var. australica ; Rhizome. 

77. Allot. 54: 3S, Rachis of fern. 

78. Allot. 14, Foster Creek: 3S, Taeniopteris daintreei (T. spatulata) ; Sphenop¬ 
teris. 

79. Allot. 53, Moyarra: IS, Coniopteris hymenophylloides var. australica; 3S, 
Taeniopteris daintreei ( T. spatulata) ; 3, Cladophlebis australis; IS, Sphenop¬ 
teris ampla (S . hislopi). 

80. Allot. 22, Canobea's Creek: 3, Sphenopteris hislopi, 3S, Carpolithes sp. A; 
Gink goal es flowers. 

81. Allot. 48: 3S, Sphenopteris ampla (S. hislopi) ; IS, Taeniopteris daintreei (T. 
spatulata). 

82. Allot. 29a, Foster River: IS, Sphenopteris ampla (S. hislopi) ; Taeniopteris 
daintreei ( T. spatulata). 

83. Allot. 30: 4S, Baiera australis (Ginkgoites australis); IS, Sphenopteris ampla 
(S. hislopi). 

84. Allot. 50, Rainbow Creek, Moyarra: IS, Sphenopteris ampla (S. hislopi); 
Taeniopteris daintreei {T. spatulata) ; 4S, Araucarites sp. B; IS, Carpolithes 
sp. A; Carpolithes sp. B ; Taxites ( Elatocladus ). 

85. Jumbunna East: lE(ii), Schisolepis ?; Phyllopteris sp. (? Phyllopteroides) ; 
Angiopteridium etheridgei (Taeniopteris spatulata ); A. tenison-zvoodsi. 
Alethopteris ( Cladophlebis) ? Albertia; Sphenopteris ampla (S. hislopi); 
S. warragulensis (S. hislopi); Trichomanites; Baiera subgracilis (Ginkgoites 
australis) ; Seed of Baiera subgracilis ( ?) ; ? Sagcnopteris (? Phylloptcr- 
oides); ? Eremopteris (Sphenopteris hislopi ); Angiopteridium spat hula turn 
(Taeniopteris spatulata); A. carruthersi (T. spatulata). 

86. Bridge Railway Cutting, Outtrim: 1C, Roots of Equisetites ; 4S, Coniopteris 
hymenophylloides var. australica; 3C, Taeniopteris spatulata; T. spatulata 
var. daintreei (T. spatulata); T. spatulata var. carruthersi (T. spatulata); 
3CS, Sphenopteris ampla (S. hislopi) ; 1C, Sphenopteris sp.; ? Albertia aus¬ 
tralis; 4C, Carpolithes; lE(ii), Baiera subgracilis (Ginkgoites australis); 
Taeniopteris; Araucarites. 

87. Outtrim North: 4C, Equisetites sp. 

88. Ballast Quarry, Outtrim: 3, Taeniopteris spatulata; Ginkgoites australis; 
Cladophlebis australis. 
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89. Outtrim: 6, Ginkgoites australis. 

Parish of Kongwak 

90. Kongwak: 1E (ii), Angiopteridium carruthersi ( Taeniopteris spatulata) ; 
1C, T. spatulata var. carruthersi ( T. spatulata) ; Equisetites —nodal dia¬ 
phragms; 3, Sphenopteris hislopi, Coniopteris hymenophylloides var. aus- 
tralica ; lE(ii), Baiera subgracilis (Ginkgoites australis). 

91. G. Dowell’s Bore: 1C, Cladophlebis denticulata var. australis (C. australis ) ; 
6C, Sphenopteris anipla (S. hislopi). 

92. Allot. 1: 4S, Ginkgo • sp. ( Ginkgoites australis ); 3S, Taeniopteris daintreei 
(T. spatulata); IS, T. daintreei var. major (T. spatulata); lE(ii), Angio¬ 
pteridium spathulatum (Taeniopteris spatulata) ; Alethopteris australis (Cla¬ 
dophlebis australis ); ? Phyllopteris (Phyllopteroides) ; Cordianthus- like in¬ 
fluorescence. 

93. Allot. 3: IS, Taeniopteris daintreei (T. spatulata) ; T. daintreei var. major 
(T. spatulata); Ginkgo sp.; Baiera australis (Ginkgoites australis). 

94. Allot. 33: IS. Taeniopteris daintreei (T. spatulata). 

95. Allot. 33d.: 4S, Equisetites sp. 

96. Allot. 33c: lE(ii), Angiopteridium spathulatum (Taeniopteris spatulata); 
3S, 7\ daintreei (T. spatulata) ; Rhizome. 

97. Allot. 32a: IS, Marchantites sp.; 3S, Coniopteris hymenophylloides var. 
australica ; 4S, Sphenopteris anipla (S. hislopi) ; 34S, Taeniopteris daintreei 
(T. spatulata), T. daintreei var. major (T. spatulata) ; 4S, T. daintreei var. 
major (T. crenata) ; Cladophlebis denticulata var. australis (C. australis) ; 
3S, Thinnfcldia mccoyi; IS, Baiera australis (Ginkgoites australis); 4S, 
Ginkgoales flowers. 

99. Scotty’s Creek: lE(ii), Angiopteridium spatlndatum (Taeniopteris spatu- 
lata) ; A. carruthersi (T. spatulata); T. fragments; 3, Sphenopteris hislopi; 
Coniopteris hymenophylloides var. australica; lE(ii), Baiera subgracilis 
(Ginkgoites australis) ; Baiera bidens (Ginkgoites australis) ; ? Podosamites; 
?Phyllopteris (Phyllopteroides). 

Parish of Wonthaggi 

100. Wonthaggi: 3, Coniopteris hymenophylloides var. australica; 4, Sphenopteris 
hislopi. 

101. Cape Patterson: 4C(iii), Taeniopteris multinervis (T. spatulata) ; 4S, T. 
daintreei (T. spatulata) ; lM(ii), Phyllotheca australis. 

102. Shore Platform off Petrel Rock, Cape Patterson: 4, Taeniopteris spatulata; 
Sphenopteris hislopi; Cladophlebis australis; Ginkgoites australis; Czekanow- 
skia ; Wood. 

103. Near Coal Seam west of volcanic neck, Cape Patterson : 2, Taeniopteris spatu¬ 
lata, Sphenopteris hislopi. 

104. Cape Patterson Coalfield: lSel, Phyllotheca australis. 

105. Cliffs and Shore Platform west of Eagle’s Nest: 2, Osmundites dunlopi; 4, 
O. gibbiana; O. sp. 

106. Wonthaggi State Coal Mine: 2, Coniopteris hymenophylloides var. australica; 
Taeniopteris spatulata ; Sphenopteris hislopi. 

107. Bore 72, 798 feet: 6, Taeniopteris spatulata; Sphenopteris hislopi. 

108. Bore 186, 250 feet: 4, Araucarites sp.; Taeniopteris. 

109. East Area Mine, 3 feet above coal seam: 3, Coniopteris hymenophylloides var. 
australica; Taeniopteris spatulata; Cone scale. 
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110. West Area, Wardle’s Section, Top Seam : 2, Taeniopteris spatulata; Sphenop¬ 
teris hislopi ; Ginkgoites editorcticus. 

111. 20 Shaft, 5 feet above Intermediate Seam: 2, Sphenopteris hislopi; Taeniop¬ 
teris spatulata; Ginkgoites australis; Neocalarnites; ? Nillsonia. 

112. Bore 208, 400 feet: 4, Taeniopteris crenata; Csekanowskia; Sphenopteris 
hislopi; Taeniopteris tenison-woodsi; Thinnfeldia mccoyi. 

113. Bore 175, 760 feet: 34C(ii), Equisetites wonthaggiensis. 

Parish of ? Wonthaggi North 

114. Archie's Creek, Keating’s Paddock: 1C, Marchantites sp.; Coniopteris hymen- 
op hyllo ides var. australica; Cladophlebis denticulata var. australis (C. aus¬ 
tralis) ; Sphenopteris ampla (S. hislopi) ; S. sp.; Taeniopteris spatulata var. 
daintreei (T. spatulata); 4C, Podozamites kidstoni; 1C, Araucarioxylon; 
Carpolithes sp. 

115. Archie’s Creek, Gates’ Block: 3, Taeniopteris spatulata. 

116. West Creek, Allot. 14: 3C, Sphenopteris ampla var. crassinervis (S. hislopi) ; 
1C, Coniopteris hymenophylloides var. australica. 

Parish of Woolamai 

117. Burne’s Creek: 1C, Taeniopteris spatulata; lSt(vii), T. daintreei (T . spatu- 
lata) ; IS, T. carruthersi (T. spatulata) ; lSt(vii), Brachyphyllum gippslandi- 
cum; 4St(vii), Baiera australis (Ginkgoites australis); Baiera subgracilus 
(G. australis); ISt(vii), Baiera robusta ( G . australis); IS, Sphenopteris 
crassinervis (S. hislopi) ; Palissya australis (Elatocladus conferta) ; lst(vii), 
Albertia australis; lE(ii), Angiopteridium spathulatum (Taeniopteris spatu¬ 
lata) ; Baiera siibgracilis (Ginkgoites australis); Sphenopteris crassinervis 
(S. hislopi). 

118. Griffiths Point, San Remo: 4, Taeniopteris crenata; 1C, T. spatulata var. 
daintreei ( T . spatulata); 4St(vii), T. carruthersi ( T . spatulata); lSt(vii), 
Podozamites barklyi ( ? A gat his or Araucaria) ; Sagenopteris carruthersi; 4* 
Elatocladus longifolius (E. mccoyi). 

119. Section No. 14—? Griffith’s Point: lSt(ii), Sphenopteris warragulensis (S. 
hislopi); Alethopteris australis (Cladophlebis australis) ; Taeniopteris car¬ 
ruthersi ( T. spatulata) ; Podozamites barklyi ( ? A gal his or Araucaria ). 

120. Kilcunda: lE(ii), Equisetaceous stem; Angiopteridium spathulatum ( T . spa¬ 
tulata) ; Sphenopteris crassinervis (S. hislopi) ; Baiera siibgracilis (Ginkgoites 
australis); IS, Sphenopteris ampla (S. hislopi). 

121. Sandy Water Holes, Allot. 130, 1| miles west of Kilcunda: 3, Taeniopteris 
spatulata; lC(i), T. spatulata var. carruthersi (T. spatulata); T. spatulata 
var. daintreei (T. spatulata); Carpolithes. 

122. Hoddinott’s Seam, No. 2 Bore, Kilcunda: 1C, Taeniopteris spatulata ; 
Taeniopteris spatulata var. carruthersi ( T. spatulata ); Sphenopteris ampla 
(S. hislopi); Equisetites sp.; IS, Podozamites barklyi (? Bellarinea) ; P. 
elfipticus. 

123. Western Port to Kilcunda: 1 St(ii ) y Sphenopteris; Alethopteris; Taeniopteris; 
Sagenopteris; 3St(vii), Coniopteris. 

124. Western Port Coalfield: lM(i), Phyllotheca australis. 

125. Bore 30, at 70 feet: 6, Ginkgoites australis; Sphenopteris hislopi; Taeniopteris 
spatulata; at 174 feet: Fruits ?; at 390 feet: Sphenopteris hislopi. 

126. Bore 28, at 480 feet: 6, Ginkgoites australis; at 574 feet: Taeniopteris spatu¬ 
lata; at 780 feet: Sphenopteris hislopi. 
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127. Bore 23, at 12 feet: 4, Taeniopteris spatulata ; at 140 feet: 6, T. spatnlata; 
Cladophlebis australis; Ginkgoites australis. 

128. Bore 20, 1,039 feet: 6, Ginkgoites australis. 

129. Bore 24, 33 feet: 6, Taeniopteris spatulata. 

130. Kardella: lSt(vii), Taeniopteris carruthersi ( T . spatulata). 

131. Allot. 97d, 236 feet: 3C(i), Taeniopteris spatulata var. daintreei (T. spatu¬ 
lata) ; lC(i), ? Albertia or ? Dammara; 3C(i), Araucar- 

ites (Cone scales). 

132. South end of Allot. 46b, west branch of Bridge Creek: lE(ii), Angiopteridium 
spathidaium (Taeniopteris spatulata); Baiera sub gracilis {Ginkgoites aus¬ 
tralis) . 

Parish of Corinella 

133. Allot. 149: lSt(vi), Sphenopteris. 

Phillip Island 

134. Rhyll, floor of quarry: 2, Thinnfeldia pinnata ; Taeniopteris tenison-woodsi; 
Cladophlebis australis. 

135. Rhyll, top of quarry: 2, Thinnfeldia pinnata; Taeniopteris spatulata; Clado¬ 
phlebis australis; Sphenopteris hislopi. 

Parish of Moorooduc 

136. Grice’s Creek: lC(i), Taeniopteris spatulata var. daintreei (T. spatulata); 
Thinnfeldia odontopteroides (Dicroidium odontopteroides) ; Coniopteris 
hymenophylloides var. australica; Cladophlebis denticulata var. australis (C. 
australis ). 

County of Grant 

Parish of Barrabool 

137. Barrabool Hills: 4, Taeniopteris spatulata; Sphenopteris hislopi ; Cladophlebis 
australis; Thinnfeldia mccoyi; Coniopteris hymenophylloides var. australica; 
Ginkgoites australis; Czekanowskia; Phyllopteroides dentata; 4C(iii), Coni¬ 
opteris arguta (Sphenopteris ). 

138. Queen's Park, Geelong: 4, Marchantites barwoni; Brachyphyllum gippslandi- 
cum; Araucarites; Thinnfeldia mccoyi; Elatocladus conferta; Sphenopteris * 
hislopi; Schizoneura sp.; Taeniopteris crenata ; lCn, Equisetites sp., Coni¬ 
opteris hymenophylloides var. australica ; Coniopteris sp.; Sphenopteris ampla 
(S. hislopi) ; Taeniopteris spatulata var. daintreei ( T . spatulata) ; T. spatulata 
var. carruthersi ( T. spatulata) ; Cladophlebis denticulata var. australis (C. 
australis); Taeniopteris crassinervis; Cladophlebis indica; C. sp.; Thinnfeldia 
cf. indica; T. sp.; Dictyophyllum sp.; Ginkgo digitata var. huttoni; Gingko 
sp.; Baiera australis (Ginkgoites australis); Araucaria sp.; Brachyphyllum 
gippslandica; Palissya sp.; Cyparissidium sp.; Carpolithes sp.; Sphenopteris 
mccoyi ; Linguifolium sp. (? Phyllopteroides) ; 2, Elatocladus conferta; Arau¬ 
carites cutchensis. 

Parish of Bellarine 

140. Bellarine: 4, Marchantites sp.; Sphenopteris hislopi; Taeniopteris spatulata; 
Cladophlebis australis; 4C(iii), C. indica (C. australis) ; 1M, Pecopteris aus¬ 
tralis (Cladophlebis australis) ; 4, Czekanowskia ; Elatocladus conferta; Thinn¬ 
feldia mccoyi; 1M, Phyllothcca australis; ISt(vii) Podozamites ellipticus; 
P. longifolius (Elatocladus mccoyi) ; 4M, Zamites = Podozamites barklyi 
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(Bellarinea barklyi) ; Zamites — Podosamites longifolius (Elatocladus me - 
coyi ); 4C(iii), Equisetites; Coniopteris hymenophylloides var. australica * 
lC(i), Brachyphyllum gippslandicum. 

141. Allot. Ill, 2 miles north of Geelong and Queenscliff Road: 4, Cladophlebis 
australis; Sphenopteris hislopi] Dicroidium odontopteroides ; Conifers. 

Parish of Banibra 

142. Dean’s Marsh, Bore No. 1, 132 feet, 994 feet: 6, Sphenopteris hislopi, Taeni¬ 
opteris spatulata. 

Parish of Lome 

143. Lome: 4, Sphenopteris hislopi ; Taeniopteris spatulata *; Dicroidium odontop¬ 
teroides] Brachyphyllum gippslandicum] Elatocladus conferta] E. me coyi. 

County of Polvvarth 

Parish of Krambruk 

144. Irvine’s Creek: 3S, Taeniopteris daintreei ( T. spatulata) ; 4S, Baiera delica- 
tula] lE(ii), B. bidens] B. subgracihs (Ginkgoites australis)] Fragment of 
a cupressinadous conifer ?; Lanceolate uninerved leaves; ? Cyclopitys. 

145. Skene s Creek: 1 St(ix), Taeniopteris daintreei (T. spatulata) ] Baiera bidens * 

B. subgracihs (Ginkgoites australis)] Cupressinadous conifer; Lanceolnt^ 
uninerved leaves; lE(ii), ? Cyclopitys. e 

146. Skene’s Creek, in vicinity of two 3 inch coal seams marked on Q.S. 47, 4 ni j] e 

from mouth of creek: 2, Taeniopteris spatulata] Sphenopteris hislopi' Ginb 
goites australis. ’ 

147. Wild Dog Creek, Apollo Bay: ISt(vii), Taeniopteris daintreei (T. spatulata) • 
T. carruthersi (T. spatulata) ; 1C, T. spatulata] lSt(ix), Coniopteris hymen¬ 
ophylloides var. australica ; 4, Taeniopteris crenata] Czckancrwskia ; Brachv - 
pliyllmn gippslandicum ; Araucarites cutchensis . 

148. Apollo Bay: 2, Neuropteridium] Microphyllopteris minuta. 

Parish of ? Elliminyt 

149. Barongarook Creek, Colac: 2, Phyllopteroides dentata] Sphenopteris hislopi . 
County of Dundas 

Parish of Coleraine 

loO. Coleraine, 3/77 Shaft: 4, Taeniopteris spatulata] Sphenopteris hislopi. 

151. Coleraine, Iso. 2 Prospect Shaft: 4, Taeniopteris spatulata. 

152. Coleraine: 2, Rhizome. 

Parish of Bochara ? or Redruth 

153. ‘Wannon’: 2, Taeniopteris spatulata. 

Parish of Casterton 

154. Casterton, from the railway cutting on the east bank of the Glenelg River 
collected by P. Kenley and W. Esplan, 1952: 3, Taeniopteris spatulata : 
Sphenopteris hislopi] Ginkgoites australis] Brachyphyllum gippslandicum. 

County of Normanby 

Parish of Murndal 

155. Murndal: 4, Ginkgoites australis] 1C, Taeniopteris spatulata var. daintreei 
{T. spatidata). 
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Parish of Merino 

156. Merino Creek: 3C, Taeniopteris spatulata ; 1C, Sphenopteris ampla (S. 
hislopi). 

? Parish of -Koroit 

157. ‘Mount Koroite’: HI, Otozamites. 

Description of Species 

Full descriptions are given only for new species and for those about which 
additional information has been obtained. Species which require no revision are 
simply listed, with a note on any new localities. Synonymies are complete only for 
Australian forms. 

The classification used is that outlined by Arnold (1948). Arnold pointed out 
that the difficulty of placing fossil plants in the existing classifications arises chiefly 
as a result of the fact that most classifications have been based on living forms. 
The importance of the reproductive organs has dominated botanical thought for 
generations, with consequent over stressing of the gametophyte and neglect of the 
sporophyte in classification. The gametophyte is rarely fossilized, and this largely 
accounts for the difficulty experienced in classifying fossil plants. 

Any natural system of classification must be based on affinity of origin, and 
to compile such a- classification fossil as well as living material must be taken into 
account. In the process, seeds and spores lose the almost overwhelming proportions 
they have assumed, and other important anatomical features are utilized as well. 
Such characters as stelar structure and cuticle are increasingly used in classification. 

Arnold is concerned chiefly with the Gymnospcrms, but his outline can be adapted 
to a classification of the whole plant kingdom. From the point of view of fossil 
plants, it is much more convenient than many previous groupings. 

Within the Ptcridophyta, the classification used is that of Smith (1938), with 
only minor modifications. 

Thallophyta 
Eumycetae 
Ascomycetae 
Euascomycetae 
( Pyreno m ycetae) 

Florin (1952) records the presence of the mycelium of a saprophytic fungus 
in the leaf cuticles of Bellarinea barklyi. The dark fruiting bodies form postules of 
0 3 to 0 4 mm. diameter on the leaf surface, opening by three or four radiating slits. 
The exact systematic position of this fungus is uncertain, but Florin regards it as 
probably belonging to a group of the Pyrcnomycetes. 

Bryophyta 

Hepaticae 

Oi. Marchantiales 

To the Order Marchantiales belong plants with prostrate, ribbon-like, dichoto- 
mously branched thalli. The dorsal part of the thallus is internally differentiated 
into air chambers, each opening externally by a pore. Rudimentary conducting tissue 
in the axis of the thallus consists of simple elongate cells. Scales and rhizoides are 
borne on the ventral surface. 

Specimens from Bellarine and from Queen’s Park, Geelong, seem best placed 
in this order of the Hepaticae. In these, the central axis of the dichotomously 
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branching thallus is composed of elongate cells, at right angles to which are hexa¬ 
gonal or polygonal areas probably corresponding to the walls of air chambers 
beneath. One specimen bears what appears to be two rows of scales on the ventral 
surface, and thus indicates affinity with the family Marchantiaceae, in which several 
such rows of scales occur, rather than with the Ricciaceae, in which one row only 
is found. 

Genus Marchantites Brongniart 1849 

Brongniart (1849) instituted the genus Marchantites for fossil hepatics of Oligo- 
cene age, found in the calcareous travertine of Sezanne. Seward defined the genus 
as follows: ‘Vegetative body of laminar form, with apparently dichotomous branches, 
agreeing in habit with the recent thalloid Hepaticae, as represented by such a genus 
as Mar chan tia / (Seward 1898, Vol. 1, p. 233.) 

The Victorian specimens may be grouped under this name. 

Marchantites cf. Marchantites erectus (Leckenby 1864) Seward 1900 
For full synonymy see Seward 1900, p. 49. 

The material from Bellarine most resembles Marchantites erectus, originally 
described from the Lower Oolite of Yorkshire as Fucoides erectus. Seward described 
a Marchantites sp. from Allot. 32a, Kongwak, which bore a ‘resemblance to the 
thallus of a Marchantites\ but was ‘too small and indistinct to refer to a specific type’. 

Locality . 140. 

Marchantites barwoni n. sp. (PL VI, fig. 21) 

Holotype . N.M.V., No. PI 5702. 

Diagnosis. Thallus prostrate, dichotomously branching; surface wrinkled, mar¬ 
gin regularly dentate. Upper surface divided into hexagonal areas more or less at 
right angles to the central axis, and area above axis formed of cells elongate in the 
direction of the axis. 

Remarks. The specimens seem to be quite distinctive in the possession of a 
markedly dentate margin, and approach the type of thallus seen in the recent Mar - 
chantia polymorpha (Smith 1938, fig. 7). 

Locality. 138. 

Tracheophyta 
Lycopsida 
Lycopodinae 
Oi. Lycopodiales 
Fi. Lycopodiaceae 

Lycopodites victoriae Seward 1904 

1904. Lycopodites victoriae Seward. Geol. Surv. Vic. Rec., 1: Pt. 3: 161. Fig. 2-4. 

Syntypes. N.M.V., Nos. P14190, P14191. 

Diagnosis. See Seward 1904. 

Remarks. No new specimens have been found from Victoria. Walkom (1928) 
has described a form from the Lower Cretaceous of Plutoville, Cape York Penin¬ 
sula, as ‘not very different from Lycopodites victoriae \ 
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Locality. 12. 

Equisetinae 
O i. Equisetales 
F i. Equisetaceae 

Genus Equisetites Sternberg 1838 

Equisetites is a generic name applied to fossil stems, leaves or strobili which 
closely resemble the modern Equisetum. In cases where only pith casts or stem 
impressions are preserved accurate determination is not possible botanically, but 
these fossils may still be used stratigraphically. 

Equisetites sp. Nodal diaphragms. 

Specimen . N.M.V., No. P14189. 

Description. See Seward 1904, p. 160, fig. 1. 

Remarks. No further examples have been recorded. 

Locality. 95. 

Equisetites wonthaggiensis Chapman 1914 

1914. Equisetites wonthaggiensis Chapman. Geol. Surv. Vic. Rec., Ill: Pt. 3: 317. PI. LXII. 
Holotype. N.M.V., No. 12893; Geological Museum, No. 691. 

Diagnosis. See Chapman 1914. 

Locality. 113. 

Fii. Calamitaceae 

Genus Neocalamites Halle 1908 

Specimens. Geology Dept., University of Melbourne. 

Remarks. Numerous long, narrow, undivided leaves, 1 to 2 mm. wide. They 
are not seen attached to a stem, but resemble Neocalamites leaves such as are 
found in the Ipswich and Bundamba Series of Queensland. Walkom (1915.) 
Locality. 25, 111, 

PTEROPSiDA 
Pteriodphyta 
Filicineae 
Leptosporangiatae 
O i. Filicales 
F i. Osmundaceae 

Genus Osmundites Unger 1854 

From the cliffs at Cape Patterson, and particularly from the vicinity of Eagle’s 
Nest, Mr. A. A. Baker has made an excellent collection of the trunks of osmun- 
daceous ferns. Two specimens of these are well preserved in silica, and, on section¬ 
ing, showed excellent details of the anatomy of the stem and petioles. 

The stems do not exceed a few centimetres in diameter, the deceptively large 
appearance arising from the presence of a thick mantle of persistent petioles and 
roots surrounding the stem. One specimen sectioned showed the structure of the 
petioles and roots excellently preserved, but the central stelar region was destroyed. 
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The other specimen showed a well preserved stele, as well as leaf bases and roots. 
At least two species are present. 

Osmundites dunlopi Kidston and Gwynne-Vaughan 1907 (PI. IV, figs. 1, 2) 

1907. Osmundites dunlopi Kidston and Gwynne-Vaughan. Trans. Roy. Soc. Edin., XLV: 759. 

Figs. 1-16. 

Specimen. Geology Dept., University of Melbourne. 2003. 

Diagnosis. Osmundites possessing a continuous ring of xylem. Leaf bases 
arranged in alternating rings representing foliage and scale leaves. Leaf trace semi¬ 
circular with deeply incurved ends, the bays thus formed containing two large 
bands of sclerenchvma. Isolated bands of sclerenchyma scattered through the 
stipular wing. 

Description. The specimen from Cape Patterson is 31 cm. long, tapering from 
a flattened elliptical section of 10 cm. by 6 5 cm., to 2 cm. at the base, and is 
incomplete. The stem is eccentrically situated, and is 15 cm. in diameter. It has 
been entirely replaced during fossilization, and no details of the stele are available. 
The stem is surrounded by a covering of closely packed leaf bases, which near the 
centre are imperfctly preserved, but which show excellent detail towards the outer 
portion of the trunk. As a result of flattening during fossilization, most of the 
leaf bases are greatly distorted. 

A transverse section was made at the level indicated (PI. IV, fig. 1, A-A). The 
outer portion sectioned well, but it was necessary to impregnate the specimen with 
Canada balsanr to prevent the centre from breaking away. 

Structure of the petiole. The less distorted leaf bases show a semi-circular or 
horse-shoe shaped leaf trace with incurved ends, but with distortion all variations 
are seen. The sclerotic tissues are well preserved; the more delicate tissues have 
oeen replaced by finely granular material. Some cell outlines of what was probably 
parenchyma remain in this granular matrix, but details of the phloem, pericycle, and 
parenchyma are lacking. 

The xylem consists of tracheae of the typical osmundaceous type. These possess 
several rows of pits on the vertical walls, as shown by the mottled appearance of the 
walls in transverse section. There is a single median protoxylem strand on the 
adaxial side of the leaf trace, but this evidently divides as the outer leaf traces show 
two endarch groups of protoxylem. A thin, slightly darker band surrounds the 
xylem, and this probably represents the endodermis. The leaf trace is surrounded 
by a band of sclerenchyma six to eight cells thick, and the boundary of the stipular 
wing may also be seen in parts of the section. 

Isolated groups of sclerenchyma of irregular size and shape are scattered through 
the petiole, and represent thick-walled fibrous elements which were embedded in 
the parenchyma of the trace and stipule. The most marked of these are two large 
groups constantly situated in the bays formed by the incurved ends of the leaf 
trace xylem. They consist of large polygonal isodiametric cells and are darker than 
the xylem or the matrix. 

The roots appear in pairs arising from the leaf bases. They possess a central 
diarch xylem strand and a broad cortex. The endodermis and phloem are not 
preserved. 

Although the stele is not preserved, the structure of the petiole, particularly 
the presence oT the two large groups of sclerenchyma, allows the specimen to be 
placed in Osmundites dunlopi. 

Locality. 105. 
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Osmundites gibbiana Kidston and Gwynne-Vaughan 1907 
(PI. IV, fig. 3 ; PI- V, figs. 4 , 5, 6) 

1907. Osmundites gibbiana Kidston and Gwynne-Vaughan. Trans. Roy. Soc. Edin., XLV: 
763. PI. Ill, figs. 17-19: PI. IV, fig. 20. 

Specimen. N.M.V., No. PI5703. 

Diagnosis. Osmundites possessing a xylem ring of about twenty separate strands. 
Leaf trace semi-circular, bands of sclerenchyma irregular in the trace, single series 
of regular bands in the stipular wing. 

Description. The specimen is a water-worn pebble, 5*5 cm. long, 4 5 by 6 cm. 
in diameter, and tapering to a point. It consists of a branched axis of two steles 
surrounded by leaf bases. One stele is destroyed by replacement, but the detail in 
the other one is well preserved. 

The xylem ring consists of 29 oval strands separated by very narrow bands of 
granular material which has replaced the delicate tissues of the ‘medullary rays’. 
The limits of the stem are not clearly defined, but there is an indefinite and in¬ 
complete band of sclerenchyma which probably represents the outer cortex. The 
cortex is traversed by leaf traces consisting of a curved xylem with a single median 
protoxylem. The xylem is surrounded by a very thin darker band, probably the 
endodermis, the space between the two representing the phloem of the leaf trace. 

The delicate tissues of pith, pericycle, phloem, and xvlem sheath have not been 
preserved. The pith was wide, and may not have been homogeneous, but details 
are insufficient to ascertain this. If the pith were a mixed pith, the specimen should 
be referred to Osmundites kolbei Seward 1907, but this has not been done as details 
of the pith are obscure, and the xylem of Osmundites kolbei has 56 separate strands, 
the Victorian specimen only half that number. 

As the leaf traces pass outwards, the xylem becomes better developed, the 
protoxylem disappears, and the trace is enclosed in a band of sclerenchyma about 
eight cells thick. The outlines of the stipular wings are indistinct, and the regular 
bands of sclerenchyma described by Kidston and Gwynne-Vaughan are not seen. 

Roots occur in pairs, and consist of a diarch xylem with a broad cortical region 
surrounded by a delimiting band of sclerenchyma. 

Locality. 105. 

? OsMUNDACEAE 

Genus Cladophlebis Brongniart 1849 

The genus Cladophlebis was instituted for species of Pecopteris formerly in¬ 
cluded in the Neuropteridae. It was founded on frond and venation characters, 
and is thus useful for the reception of sterile fronds whose affinities are still un¬ 
certain. The bipinnate leaf with linear pinnules attached to the rachis by the whole 
base, is an extremely common form of frond among modern ferns, so it is reasonable 
to suppose that fossils possesing this type of frond, now placed in the form genus 
Cladophlebis, will be assigned to several families and genera as evidence of their 
sporangial characters becomes available, and their affinities are revealed. 

Cladophlebis denticulata Brongniart occurs in all parts of the world as a 
conspicuous element of the Mesozoic flora. It is impossible to discriminate speci¬ 
fically between the numerous sterile fragments from all geological horizons from 
Rhaetic to Cretaceous, and localities from all continents. Seward (1903) therefore 
adopted the term Cladophlebis denticulata as a ‘comprehensive title for forms, for 
the most part of Jurassic age, characterized by bipinnate fronds with linear ultimate 
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segments, of the shape and with the venation characters of Cladophlcbis denticulata 
forma atherstoni. We may in particular cases employ a second name as denoting 
a possible variety or form and as an index of locality’ (Seward 1903). Among these 
Seward lists ‘ Alethopteris australis Morris’, i.e. Cladophlcbis australis (Morris 
1845) Seward 1904. 

Arber (1917) maintains that a specific distinction exists between Cladophlcbis 
denticulata Brongniart 1849 and Cladophlcbis australis Morris 1845, the pinnules 
of the former possessing a denticulate margin, and of the latter an entire margin. 
The denticulation is not always pronounced. Both species occur in the Mesozoic 
floras of the Southern Hemisphere, and it is doubtful that the difference is sufficient 
to warrant specific separation. Seward’s suggestion outlined above is much more 
tenable. 


Cladophlebis australis (Morris 1845) Seward 1904 


See also Seward 1904. 

1902. Todea australis Shirley. Qld. Geol. Surv. Bull., 18: 10. 

1904. Cladophlebis denticulata Brongniart, var. australis Morris, Seward. Vic. Geol. Surv. Rec 
I: Pt. 3: 171. Figs. 25-27. 

1908. Cladophlebis denticulata Brongniart var. australis Morris, Chapman. Vic. Geol. Surv 
Rec., II: Pt. 4. 

1909; Cladophlebis denticulata Brongniart var. australis Morris, Chapman. Vic. Geol. Surv. 


Rec., Ill: Pt. 1. 

1917. Cladophlcbis australis (Morris), Walkom. Qld. Geol. Surv. Pub., 257: 3. 

1917. Cladophlcbis australis (Morris), Arber. N.Z. Geol. Surv., Pal. Bull., 6: 29. 

1919. Cladophlebis australis (Morris), Walkom. Qld. Geol. Surv. Pub., 263: 13, 54. Pi. 3 > 

figs. 6, 7. 

1921. Cladophlebis australis (Morris) Walkom. N.S.IV. Geol. Surv. Mem. Pal. No. 12: 7 
PI. II, figs. 5, 6. 

1925. Cladophlebis australis (Morris), Walkom. Pap. Proc. Roy. Soc. Tas. 

1947. Cladophlebis australis (Morris), Seward, Jones and de Jersey. Qld. Univ. Pap., m 

N.S. No. 3, p. 11. 

Diagnosis. See Walkom 1917. 


Remarks. No fertile pinnules have been discovered from Victoria, but sterile 
fronds are abundant and widespread. With Taeniopteris and Sphenopteris, Clado¬ 
phlebis makes up the greater part of the Victorian flora. Cladophlcbis australis is 
a very common species, and is to be found in almost every collection of Mesozoic 
plants in Australia. Fertile specimens from New South Wales and Queensland 
indicate affinity with the Osmundaeeac, and the presence of osmundaceous stems 
in the Victorian Jurassic would lend support to this view. In the Jurassic of Gore, 
New Zealand, Cladophlcbis australis occurs with Osninndites dunlopi as recorded 
by Kidston and Gwvnne-Vaughan (1907) and by Arber (1917). 

The specimens from Rhvll, Phillip Island, seem smaller than is generally the 
case, and in this respect resemble the Tasmanian forms (cf. Walkom 1925). The 
difference is not sufficient to warrant separation from Cladophlcbis australis, though 
it may be of ecological significance. 

Locality . 12, 22, 26, 28, 30, 32, 53, 63, 79, 85, 88, 91, 97, 102, 114, 127, 134, 
135, 136, 137, 140, 141. 


Fii. Gleicheniaceae 


Genus Microphyllopteris Arber 1917 

In the F. H. McK. Grant collection (Geology Department, University of Mel¬ 
bourne) is an example from Apollo Bay of a bipinnate fern with pinnae of the 
type which resemble the modern Gleichenias. The specimens consist of impressions 
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only, and preservation is not good, but it is clearly distinct from any other recorded 
Victorian species. 

In 1917, Arber instituted the genus Microphyllopteris for ferns of this type: 
‘Fronds pinnate, bipinnate, or dichotomously branched; pinnules small or very small, 
subcircular or ovate, closely set, broadest at the base, and attached by their whole 
base. Median nerve feeble, breaking up into simple or forked branches not far 
from the base of the pinnule/ (Arber 1917.) 

Microphyllopteris minuta n. sp. (PI. VI, fig. 25) 

Holotype. Geology Department, University of Melbourne. 2004. 

Diagnosis. Frond bipinnate, incomplete. Rachis stout. Pinnae alternate; pin¬ 
nules separate, alternate, rounded, 1-2 mm. in diameter, attached by the whole base. 
Venation not preserved. 

Remarks. The Victorian specimens resemble Microphyllopteris pectinata Arber 
1917 from Mataura Falls and Waikato Pleads, New Zealand, except in size. Arber 
states that the New Zealand forms are separated from Microphyllopteris gleichen- 
oides Oldham and Morris 1863 by the larger size of the pinnules of Microphyllopteris 
pectinata , so it seems that the specimens from Apollo Bay are closer to the Indian 
forms. Plowever, Pccopieris glcichenoides of Oldham and Morris’ Plate XXVI 
seems to have a stronger division of the pinnae than is seen in our specimens. 

In the Apollo Bay material, the venation is not preserved. In outline, Micro¬ 
phyllopteris minuta somewhat resembles Thinnfeldia pinnata from Rhyll, but in the 
latter, the long petiole shows clearly the pinnate nature of the frond, while Micro¬ 
phyllopteris is at least bipinnate. 

Locality . 148. 

Fiii. Dicksoniaceae 

Genus Coniopteris Brongniart 1828 

Coniopteris was instituted by Brongniart for fossil fern fronds occupying a 
more or less intermediate position between Sphenopteris and Pecopteris, and agree¬ 
ing with the recent Dicksonias in the form of the sori, these being marginal, with 
a lipped indusium. 

Coniopteris has been placed generally in the Cyatheaceae. Modern classifications 
place Dicksonia in the family Dicksoniaceae, equal in rank to the Cyatheaceae, the 
chief distinction between the two families being that accessory vascular strands, 
thought to be much dissected steles, are present in the stem of the latter, and are 
absent from the Dicksoniaceae. The sorus in the Cyatheaceae is gradate, superficial, 
and cup-shaped, while in the Dicksoniaceae it is gradate, marginal, and two-lipped. 
As Coniopteris is defined as agreeing with the recent Dicksoniaceae it must be 
placed in this family, although the evidence of fossil sori is not altogether conclu¬ 
sive, and of the presence or absence of accessory vascular strands is entirely lacking. 

Coniopteris hymenophylloides Brongniart 1828 var. australica Seward 1904 
See also synonymy in Seward 1904. 

1904. Coniopteris hymenophylloides Brongniart var. australica Seward. Vic. Gcol. Surv. Rec., 
I: Pt. 3: 163. 

1908. Coniopteris hymenophylloides Brongniart var. australica Chapman. Vic. Geol. Surv. Rec., 

II : Pt. 4. 

1909. Coniopteris hymenophylloides Brongniart var. australica Chapman. Vic. Geol. Surv. Rec.. 

Ill: Pt. 1. 

1917. Coniopteris hymenophylloides Brongniart Arber. N.Z. Geol. Surv. Pal. Bull. No. 6, p. 32. 
1921. Coniopteris hymenophylloides Walkom. N.S.IV. Geol. Surv. Mem., Pal. No. 12, p. 7. 



86 LORNA M. MEDWELL: 

1940. Coniopteris hymenophylloides Sitholey. India Geol. Surv. Mem., Pal. Indica N.S., XXIX * 

10 . 

Diagnosis. See Seward 1904. 

Remarks. The absence in Victorian specimens of peculiar modified pinnules 
found at the base of the pinnae in the English examples was noted by Seward as 
probably due to lack of material, but in no specimens subsequently recorded have 
these been noted. 

Sterile specimens of Coniopteris approach Sphenopteris and the relationship 
between these two forms is not easy to ascertain. Coniopteris tends to have more 
bluntly rounded lobes than Sphenopteris, but the distinction is small. In the 
absence of evidence of sori, doubtful specimens might perhaps be best placed in 
Sphenopteris. 

Locality. 9, 24, 25, 41, 53, 55, 59, 65, 73, 75, 76, 79, 86, 90, 97, 99, 100, 106 
109, 116, 136, 137, 138, 140, 147. 

Fiv. POLYPODIACEAE 

Adiantites lindsayoides Seward 1904 

1904. Adiantites lindsayoides Seward. Vic. Geol. Surv. Rec., I: Pt. 3. 

Holotype. N.M.V., P14192. 

Diagnosis. See Seward 1904. 

Remarks. No further specimens recorded. 

Locality. 59, 71. 

Cycadophyta 

Genera of Unknown Position 

Genus Taeniopteris Brongniart 1828 

The study of the cuticle structure has enabled recent workers to break up this 
form genus into several genera, and in 1932 Harris proposed the following grouping 
of Taeniopterids. 

1 . Species (lacking cuticles), known to be sterile leaves of ferns— Marratiopsis, Danaeopsis, 
etc.—under these generic names. 

2. Species with definite cuticles (seed plants) — 

(a) With Bennettitalean type of stoma— Tacniozamitcs Harris 1932. 

(b) With Cycadean type of stoma, small leaves attached to the side of the rachis_ 

Doratophyllum Harris 1932. Small leaves with lamina attached to the top of the 
rachis— Nilssonia. Large leaves— Macrotaenioptcris. 

3. Species in which the cuticle is absent or unknown, or, if present, is not well enough pre¬ 
served to show the structure of the stomata— Taeniopteris. 

As the cuticles of the Victorian forms are not preserved, these must all be 
placed in the genus Taeniopteris. 

Taeniopteris spatulata Oldham and Morris 1863 (non McClelland 1850) 

1860. Taeniopteris daintreei McCoy. Trans. Roy. Soc. Vic., 7: 97. 

1863. Stangeritcs spathulata Oldham and Morris. Foss. Flora Gondw. Syst., Pal. Indica, 1 : 34 
PI. VI, figs. 1-6. 

1863. Stangeritcs spathulata var. multinervis Oldham and Morris. Ibid., p. 34. PI. VI, fig. 7 . 
1874. Taeniopteris daintreei McCoy. Prodromus of the Palaeontology of Victoria, Dec. 2, p. 
15. PI. XIV, figs. 1, 2. 

1878. Taeniopteris daintreei Feistmantel. Palaeontograpliica Suppl. Ill, Lief 3, Heft 1, p. HO. 
PI. 14, figs. 2, 3. 

1878. Taeniopteris daintreei Etheridge. Cat. Austr. Fossils, p. 100. 

1883. Taeniopteris daintreei Tenison-Woods. Proc. Linn. Soc. N.S.W., VIII: 117. 
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1889. Taeniopteris daintreei Feistmantel. Geol. Pal. Verhdrt Siid Afrikas. PI. II, fig. 11. 

1890. • Taeniopteris daintreei Feistmantel. Abhandl. K. bohm Gesell. Wissen. (Math. Natur. cl.), 

Folge VII, Bd. 3, No. 6, p. 66. PI. 2, fig. 11 

1890. Taeniopteris daintreei Feistmantel. N.S.IV. Geol. Surv. Mem., Pal. 3: 114. PI. XXVII, 
figs. 4, 5; PI. XXVIII, figs. 6, 6a. 

1892. Taeniopteris daintreei McCoy. In Stirling, Vic. Coal Fields Rep., 1: 12. PI. II, figs. 11, 12. 
1892. Taeniopteris (? Angiopteridium) daintreei Jack and Etheridge. Geology of Queensland, 
p. 371. 

1898. Angiopteridium spathulata Dun. Rep. A.A.A.Sc., 7: 390. 

1898. Taeniopteris spatulata Shirley. Qld. Geol. Surv. Bull. 7: 23. 

1900. Taeniopteris carruthersi McCoy. In Stirling, ibid., 7. PI. I, fig. la. 

1902. Taeniopteris spatulata Shirley. Qld. Geol. Surv. Bull. 18: 12. 

1902. Oleandridium jaculi Shirley. Ibid., p. 12. 

1904. Taeniopteris daintreei Seward. Vic. Geol. Surv. Rec., I: Pt. 3: 168. Figs. 18-22. 

1904. Taenopteris daintreei McCoy var. major Seward. Ibid., p. 171. Figs. 23, 24. 

1908. Taeniopteris spatulata Chapman. Vic. Geol. Surv. Rec., II: Pt. 4 : 4. 

Taeniopteris spatulata var. carruthersi Chapman. Ibid. 

Taeniopteris spatulata var. daintreei Chapman. Ibid. 

1909. Taeniopteris spatulata Chapman. Vic. Geol. Surv. Rec., Ill: Pt. 1: 110. 

Taeniopteris spatulata var. carruthersi Chapman. Ibid. 

Taeniopteris spatulata var. daintreei Chapman. Ibid. 

1917. Taeniopteris spatulata Walkom. Qld. Geol. Surv. Pub., No. 257, p. 30. 

Taeniopteris spatulata var. major Walkom. Ibid., p. 32. 

1917. Taeniopteris daintreei Arber. N.Z. Geol. Surv. Pal. Bull. 6: 46. PI. XI, fig. 5. 

1919. Taeniopteris spatulata Walkom. Qld. Geol. Surv. Pub. No. 263, p. 36. 

Taeniopteris spatulata Walkom. Ibid., p. 57. 

1921. Taeniopteris spatulata Walkom. N.S.IV. Geol. Surv. Mem., Pal. No. 12, p. 11. 

1934. Taeniopteris spatulata Edwards. Ann. and Mag. Nat. Hist., Ser. 10, No. 13. 

In 1850, McCelland instituted the species Taeniopteris spatulata for material 
from the Rajmahal Hills. ‘Front linear, two or three inches long, narrow at the 
base, becoming broader towards the apex, or subspathulate.’ (McClelland 1850.) 

McClelland’s original enlarged sketch shows the secondary veins as three¬ 
pronged. If this was drawn correctly, the reference to the genus Taeniopteris Brong- 
niart was incorrect. However, as the three-pronged condition is not found in any 
other specimens subsequently referred to Taeniopteris spatulata McClelland, and 
McClelland’s type material is not available, and is presumably lost, it is probable 
that the sketch given by McClelland was inaccurate. In 1863, Oldham and Morris 
applied Stangerites (? Taeniopteris ) spatulata McClelland to material from the 
Rajmahal Hills, and as many other fossil leaves have been found in all parts of 
the world which agree closely with these forms, Halle (Florin 1948) has suggesetd 
that the trivial name spatulata be applied to these forms in the sense of Oldham 
and Morris. Thus Taeniopteris spatulata Oldham and Morris 1863 (non McCelland 
1850) may be applied to leaf impressions having the form and the venation of the 
fossils figured by Oldham and Morris. 

In June 1860, at a meeting of the Royal Society of Victoria, McCoy exhibited 
a new species of Taeniopteris, collected by Mr. Daintree from the ‘coal beds of 
the Bass River’, which he named Taeniopteris daintreei, and compared with the 
Taeniopteris vittata of the Whitby Oolite. In 1875 it was described and figured 
in Decade II of the Prodromus of the Palaeontology of Victoria. McCoy was 
aware of the similarity of the new form to the Indian Taeniopteris spatulata, but 
decided that ‘ Taeniopteris daintreei is sufficiently distinct from McClelland’s Angio¬ 
pteridium spathulatum to merit specific rank’. (Stirling 1900, p. 3.) 

Etheridge (1897), Dun (1898), Shirley (1898), and Feistmantel (1890-), 
stressed the similarity to the Indian form. Stirling (1900) upheld McCoy’s separa¬ 
tion of Taeniopteris daintreei, and Seward (1904) also referred the Victorian 
species to Taeniopteris daintreei McCoy 1875. As pointed out by Walkom (1917), 
c 
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the specimens originally described by McCoy do differ from the Indian type 
material described by McClelland, but the variation is too small to warrant specific 
separation, and further collecting has revealed every gradation between the two 
forms. 

Chapman (1908, 1909) made a varietal subdivision, considering Taeniopteris 
spatulata as a central form from which the varieties daintreei and carruthersi might 
be distinguished: 

var. daintreei; leaf long, narrow, parallel sided; midrib thick, secondary veins 
leaving midrib at right angles. 

var. carruthersi; leaf shorter, broader, with tendency for wider spacing of veins ; 
secondary veins leave midrib at an acute angle and then turn and proceed 
to the margin at right angles. 

Stirling (1900) had described a specimen from Griffith’s Point as Taeniopteris 
carruthersi Tenison-Woods 1883, which he defined as follows: ‘. . . simple frond, 
broad linear, somewhat thick costa, veins leaving it at an acute angle, then passing 
at right angles to the margin, once or twice dichotomously divided.’ 

Victorian specimens referred to Taeniopteris carruthersi Tenison-Woods 1883, 
and to Taeniopteris spatulata var. carruthersi Chapman 1908, have been studied, 
and the conclusion reached that, at least for these Victorian forms, there is no essen¬ 
tial difference from Taeniopteris spatulata Oldham and Morris 1863. The points 
of difference made have been the larger size and the curved trace of the secondary 
veins in Taeniopteris carruthersi. 

An enlarged diagram (Fig. 11) is given of the venation of the original of 
Stirling’s Plate I, fig. 1, la, 2 (specimen 71 JS in the National Museum of Vic¬ 
toria). It will be seen that the trace of the secondary veins shows all variations 
between the right angled pattern characteristic of McCoy’s Taeniopteris daintreei y 
and the curve of Taeniopteris carruthersi Tenison-Woods. In the cases where the 
latter type is seen, there is frequently a bifurcation at the midrib, the second member 
of the pair curving down, and then passing on at right angles to the midrib. 

Thus, at least for the Victorian forms, the name Taeniopteris carruthersi, or 
Taeniopteris spatulata var. carruthersi, must lapse, and these forms be referred to 
Taeniopteris spatulata. 

A record of ‘ Taeniopteris multincrvis Weiss’ from Cape Patterson may also be 
included in Taeniopteris spatulata (N.M.V., Nos. P2006, P2007). 

Seward (1904) established Taeniopteris daintreei var. major to receive larger 
specimens of Taeniopteris daintreei McCoy. Measurements have been made of all 
available Victorian Taeniopteris leaves, and the results show the greatest frequency 
at a width of 6 mm. The number of measurements available was not sufficiently 
large to enable an accurate statistical analysis to be made, but a curve with a single 
mode seems to be indicated. Of the 266 specimens measured, only 19 were of 1 7 
cm. or more. (This was the limit of Taeniopteris daintreei var. major as defined 
by Seward.) It seems advisable to include these larger specimens in Taeniopteris 
spatulata Oldham and Morris 1863, as size alone is not sufficient criterion for 
specific separation. 

Walkom (1917) described leaves from Stewart’s Creek and Beaudesert, in the 
Walloon Series of Queensland, which he referred to Taeniopteris daintreei var. 
major Sew'ard 1904. The Victorian specimens may also be compared with leaves 
described by Kawasaki (1934) from the Kobasan Series, Daido district of Korea. 
These were placed in a new species— Taeniopteris macrospatulata Kawasaki 1934— 
and were said to 'closely resembl ^Taeniopteris spatulata except in size. Venation 
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fine, at right angles, forking once.’ (Kawasaki 1934.) They were compared with 
Taeniopteris spatulata var. major of the Walloon. 

Diagnosis. A good general definition of Taeniopteris spatulata Oldham and 
Morris 1863 is found in Seward 1904 (as Taeniopteris daintreei McCoy) : ‘Frond 
simple linear, long and narrow .... The apex is gradually tapered to an acuminate 
tip or bluntly rounded; towards the petiole the lamina becomes gradually narrower. 
Midrib stout and prominent, giving off numerous secondary veins, usually at right 
angles; these veins are frequently forked close to the midrib, or the branching may 
occur at varying distances between the midrib and the edge of the leaf. The veins 
are delicate and numerous, approximately 15 veins per 5 mm. of lamina. Towards 
the apex of the fronds the secondary veins become oblique, branching at a wide 
angle from the midrib.'* (Seward 1904, p. 168.) 

Locality. 7, 8, 9, 12, 13, 14. 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 30, 31, 32, 
33. 35, 36, 37, 38, 40, 41, 42, 44, 46, 47, 48, 50, 51, 52, 53, 54, 55, 58, 63, 65, 67, 
69, 71, 73, 74, 75, 78, 79, 81, 82, 84, 85, 86, 88, 90, 92, 93, 94, 96, 97, 99, 101, 
102, 103, 106, 107, 108, 109, 110, 111, 112, 114, 115, 117, 118, 119, 120, 121, 
122, 123, 125, 126, 127, 129, 130, 131, 132, 134, 135, 136, 137, 138, 140, 141, 142, 
143, 144, 145, 146, 147, 150, 151, 153, 154, 155. 

Taeniopteris crenata McClelland 1850 

1850. Taeniopteris crenata McClelland. India Geol. Surv. Rcc. 

1909. Taeniopteris spatulata var. crenata Chapman. Vic. Geol. Surv. Rcc., Ill: Pt. 1. 

Diagnosis. ‘Frond linear, two or three inches long* narrow at the base and 
rounded at the apex, margins lacerately crenate.’ (McClelland 1850, p. 53.) 

Description. N.M.V., No. P12808, shows three leaves whose arrangement 
*> u gg es t s a f ron( l similar to that of the genus Matonia, but an examination of the 
venation shows that the bases of two leaves and the apex of the third are adjacent. 
The leaves are simple, broad (13, 15, 20, and 26 mm.), with crenate margin, the 
lobation in no case extending as far as the midrib. Midrib broad with 8-9 ridges. 
Venation as in Taeniopteris spatulata, the secondary veins being at right angles or 
slightly acute (20-30°). Veins almost 1 mm. apart at the midrib, 2-3 per mm. at 
the margin. 

On the same slab is a specimen of Taeniopteris spatulata , identical except in the 
absence of lobation. 

N.M.V., No. P14211 (Seward’s No. 167) also shows a lobed base. 

Remarks. These specimens differ from Taeniopteris spatulata Oldham and 
Morris 1863 only in the crenate margin. They may be compared also with Anomo- 
zarnites and Nilssonia, but no example was found which showed the lobation extend¬ 
ing to the midrib. Oldham and Morris (1863) regarded the Indian forms as long 
fronds of Taeniopteris spatulata which had obtained the crenate margin by an acci¬ 
dent of preservation. 

Locality . 134, 112, 71. 

Taeniopteris tenison-woodsi (Etheridge 1892) Dun 1898 (Fig. 9) 

1925. Taeniopteris tenison-zvoodsi Walkom. Proc. Linn. Soc. N.S.W., L. 

1932. Taeniopteris tenison-woodsi Walkom. Proc. Linn. Soc. N.S.W., LVII. 

Specimen. Geology Department, University of Melbourne, No. 2010. 
Diagnosis. See Walkom 1917. 

Remarks. Queensland specimens have been transferred to Harris’ genus Dora- 
tophyllum as a result of the study of the epidermal structure (Jones and de Jersey 
1947). The specimen from Rhyll shows the venation clearly, but as it is only an 




90 


LORNA M. MED WELL: 


impression it is impossible to check the determination by an examination of the 
cuticle. As a result, the genus Taeniopteris must be used. 

A record of Taeniopteris tenison-woodsi was made by Etheridge from Jumbunna, 
but as no figure was published, and the specimen (‘Nos. 363, 393, Australian 
Museum, Sydney’) could not be traced, this record could not be checked. 

Locality. 134. 

Genus Phyllopteroides Medwell MS. 

The genus is founded on leaves from Allot. 4, Parish of Killara, Victoria, which 
are close to Linguifolium Arber 1917 and Phyllopteris Walkom 1919. As has been 
discussed in a report on the flora of this locality (Fossil plants from Killara, Vic¬ 
toria, Medwell MS.) the genus Linguifolium is not sufficiently wide to include the 
Australian leaves, and Arber has shown the genus Phyllopteris to be invalid. The 
name Phyllopteroides has been instituted to include the Australian leaves formerly 
referred to Phyllopteris. 

Diagnosis. Leaves simple, linear-lanceolate; margins dentate or entire; midrib 
prominent, lateral veins leaving midrib at an acute angle and dividing dichotomously 
once or twice at varying distances from the margin, not anastomosing. Epidermal 
cells polygonal in outline. 

Phyllopteroides is rare in the Victorian Lower Jurassic. A specimen from 
Allot. 49 Jumbunna may be seen in the Geological Museum, and from the same 
locality Seward (1904, fig. 29) figured as ‘ Thinnfeldia sp .’ a fragment which Arber 
referred to Linguifoliuni And which may also be placed in Phyllopteroides. From 
several Victorian Jurassic localities doubtful records have been made, the original 
specimens of which have not been traced, but the names and descriptions given them 
by early workers are strongly suggestive of their inclusion in Phyllopteroides. 
Etheridge (1902) records Phyllopteris sp. ? from Kongwak, Korumburra and 
Jumbunna East, which he describes as possessing ‘simple bifurcate venation’ similar 
to that of the Phyllopteris of Leigh Creek, South Australia, and Ipswich, Queens¬ 
land. No sign of net venation was observed. It is also possible that the specimens 
from San Remo referred by Stirling (1900) to Sagenopteris carruthersi may also 
be placed in Phyllopteroides. 

Locality. 42, 67, ? 85, ? 92, ? 99. 

Phyllopteroides dentata Medwell MS. 

Holotype. Geology Department, University of Melbourne, No. 2005. 

Diagnosis. Leaf linear-lanceolate, narrowing gradually towards the base, apex 
rounded. Margin dentate, dentation less marked at the apex. Midrib strong, 
straight, 1 mm. at the base, not persisting to the apex; lateral veins generally oppo¬ 
site, leaving midrib at an acute angle, arching, and bifurcating at varying distances 
from the margin; about 4 veins per tooth at margin. 

Remarks. The Linguifoliuni sp. listed by Coulson (1930) from Queen’s Park, 
Geelong, is probably Phyllopteroides dentata. 

Locality. 137, 149. 

Genus Rhizomopteris Schimper 
Rhizomopteris etheridgei Seward 1904 

1904. Rhizomopteris etheridgei Seward. Vic. Geol. Surv. Rec., I: Pt. 3. 

Syntypes. N.M.V., Nos. P14219, P14218, P14217. 

Diagnosis. See Seward 1904, p. 176. 
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Remarks. Seward suggested that the rhizomes described might have borne 
leaves of Cladophlebis australis. Chapman (1909) described further specimens 
which, he claimed, showed portions of fronds of Taeniopteris spatulata crushed 
along the creeping stem. 

Locality. 36, 40. 

Genus Sphenopteris Brongniart 1822 

Sphenopteris is a very variable form genus, and the separation of the Victorian 
species is not at all clear. From Victorian localities, McCoy distinguished three 
species of Sphenopteris—Sphenopteris ampla, Sphenopteris crassinervis, and Sphen¬ 
opteris warragulensis. These were figured without description in Stirling (1892, 
1900). Stirling defined and figured two additional species, Sphenopteris fosteri 
and Sphenopteris travisi, which had been marked as new species by McCoy. Sphen¬ 
opteris fosteri was said to resemble Sphenopteris warragulensis 'except that the 
apex of the pinnae are more acutely serrate, and the nervures more pronounced’ 
(Stirling 1900, p. 4) and Sphenopteris travisi was described as having 'very delicate 
pinnae’. The variation seen in these two forms is too slight to merit even varietal 
distinction. 

Seward (1904) describes only one form, Sphenopteris ampla, and mentions 
Sphenopteris warragulensis as possibly specifically identical with Sphenopteris ampla. 
Sphenopteris ampla itself very closely resembles Sphenopteris hislopi Oldham and 
Morris 1863 (PI. XXXI, figs. 1-5), and is probably specifically identical with this 
form. 

There are two possible methods of treatment of the Victorian forms—to group 
them under a single species, or to separate two species or varieties. There appear 
to be two types of frond, one with rounder blunter pinnae, embracing the larger 
leaves placed in Sphenopteris ampla and Sphenopteris crassinervis , and the smaller 
species similar to Coniopteris , and including Sphenopteris travisi ; and one with 
more elongate, acutely pointed pinnae such as are seen in the type specimens of 
Sphenopteris warragulensis and Sphenopteris fosteri . These could be separated 
as two species, Sphenopteris ampla and Sphenopteris warragulensis. 

A rather similar situation exists in the Cretaceous of Maryland. Working with 
the flora of the Potomac Series, Berry found a group of ferns showing great 
variability in form. These he referred to Onychiopsis Yokoyama 1890, a genus 
based on soral characters in which have been placed specimens formerly in the 
form genus Sphenopteris. Berry distinguished 'two main types, the narrow pinnule 
type, that identified as Sphenopteris Mantelli by Fontaine . . . and the broader type 
exemplified by the foreign Sphenopteris Goepperti’ (Berry 1911, p. 271). 

Although the extreme types are distinct, as seen in McCoy’s original specimens, 
every gradation exists between them so that fragmentary specimens are difficult to 
determine. Again as in the case of Berry, ‘it was found impossible to fix upon any 
characters of specific value that would hold good for material other than the indivi¬ 
dual specimen upon which they were based’ (Berry 1911, p. 271). Thus it seems 
best to unite all the Victorian specimens under one species. As these were large 
ferns with hi- or tripinnate fronds, one or two species with slight individual variation 
in form when broken up and fossilized could appear to represent more species than 
were actually present. Pinnae at the base of the fronds would differ from those 
higher up, and individual pinnules on these would vary. It seems wiser to regard 
these variations as due to age and position, rather than to allow them specific or 
varietal rank. 
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As pointed out by Seward (1904), there is a very close resemblance between 
the Victorian Sphenopteris and Sphenopteris hislopi Oldham and Morris 1863 from 
Bindrabun, Rajmahal Hills, India, and although Seward hesitated to unite Sphen¬ 
opteris ampla with this species, this now seems the best course. No details are known 
of the epidermal structure of these forms, and the only evidence of sori is afforded 
by Sphenopteris zmrragulensis McCoy, where sori are seen at the tips of the lobes. 
As the affinities of the Victorian forms are not known, and until further evidence 
is available, Sphenopteris ampla, Sphenopteris crassinervis , Sphenopteris zmrragulen¬ 
sis, Sphenopteris fosteri and Sphenopteris tramsi are included in Sphenopteris his¬ 
lopi Oldham and Morris 1863. 

Among Australian Sphenopterids, the Victorian forms most resemble Sphen¬ 
opteris superba Shirley from Esk and Walloon Series of Queensland, and a specimen 
from the Esk Series (F12852, Geology Department, University of Queensland) 
identified only as 4 Sphenopteris sp / 

The relationship between sterile specimens of Sphenopteris and Coniopteris is 
not always clear. The leaf forms are very similar, though Sphenopteris possesses 
rather larger, more acute lobes. This distinction is not always obvious, and sterile 
fragments are frequently difficult to place. Doubtful specimens have been placed in 
the wider form genus Sphenopteris. 

Sphenopteris hislopi Oldham and Morris 1863 

1863. Sphenopteris hislopi Oldham and Morris. India Gcol. Surv. Mem., Pal. Indica, Fossil 
Flora Gondw. Syst., I: Pt. 1: PI. XXXI, figs. 1-5. 

1877. Sphenopteris hislopi Feistmantel. Ibid., I: Pt. 2: 28. 

1889. Sphenopteris warragulensis McCoy. In Murray. Vic. Mines Dept. Ann. Rep., p. 18. 

1892. Eremopteris warragulensis McCoy. In Stirling, Vic. Mines Dept. Spec. Rep., Coalfields 1. 
Sphenopteris warragulensis McCoy. Ibid. 

Sphenopteris ampla McCoy. Ibid. 

1900. Sphenopteris ampla McCoy. In Stirling, Vic. Mines Dept. Spec. Rep., Coalfields 7. 
Sphenopteris ivarragulcnsis McCoy. Ibid. 

Sphenopteris crassinervis McCoy. Ibid. 

Sphenopteris fosteri Stirling. Ibid. 

Sphenopteris travisi Stirling. Ibid. 

1904. Sphenopteris ampla Seward. Vic. Geol. Surv. Rec., I: Pt. 3. 

1908. Sphenopteris ampla Chapman. Vic. Geol. Surv. Rec., II: Pt. 4. 

1909. Sphenopteris ampla var. crassinenns Chapman. Ibid., Ill: Pt. 1. 

This species was figured by Oldham and Morris (1863), and was described by 
Feistmantel (1877). 

Diagnosis. Frond bipinnate, very variable in form. Pinnae generally ovate, 
broad or narrow, may be elongate, wedge-shaped. Margin lobed to acutely serrate. 
Lobes linear, narrowing towards the base. Venation distinct, sphenopteroid, 
arising from the base of the leaf and bifurcating several times. Sori seen in only 
a few examples, situated at the ends of the lobes, and appearing to be covered bv 
an indusium, but exact nature unknown. 

Locality. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15, 16, 17, 18, 22, 24, 25, 26, 27, 
29, 33, 34," 35, 36, 37, 38, 41, 42, 45, 47, 48, 49, 51, 52, 53, 54, 55, 59, 60, 61, 62, 
63, 64, 65, 67, 70, 71, 72, 75, 78, 79, 80, 81, 82, 83, 84, 85, 86, 90, 91, 97, 99, 100, 
102, 103, 106, 107, 110, 111, 112, 114, 116, 117, 119, 120, 122, 123, 125, 126, 
131, 133, 135, 137, 138, 140, 141, 142, 143, 146, 147, 149, 150, 155. 

Oi. Pteridospermae 

Fi. CORYSTOSPERMACEAE 
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Thinnfeldia Ettingshausen and Dicroidium Gothan 

A good deal of confusion has arisen regarding the Australian Thinnfeldias. In 
1845, Morris described Pecoptcris odontopteroides from Tasmania. Crepin (1876) 
suggested that this should be referred to Ettingshausen’s genus, Thinnfeldia, and 
this was done by Feistmantel (1878), who also placed specimens from other Eastern 
Australian localities in this species. Later authors referred more specimens from 
many localities to Thinnfeldia odontopteroides (Morris) Feistmantel, and in addi¬ 
tion several new species of Thinnfeldia were erected, the limits of which were not 
clearly defined. In 1909, Dun attempted to define the species of Thinnfeldia and 
gave synonymies of each. v 

In 1912, Gothan revised the genus Thinnfeldia and, on the basis of form, vena¬ 
tion, epidermal characters and geographical distribution, separated the Southern 
Hemisphere Thinnfeldias of the Glossopteris region as a new genus Dicroidium. 

In 1914, Antevs critically examined Gothan’s generic distinctions, and, while 
upholding the two-fold division, pointed out that, of the characters used by Gothan, 
there Ts hardly one which may not exist in both genera, and that the geographical 
division does not apply. He removed several forms from the genus Thinnfeldia, and 
for these he adopted the generic name Dicroidium proposed by Gothan. 

Walkom (1917) contested the separation of Dicroidium, and continued to apply 
Thinnfeldia to the Australian forms. In this he was supported by Arber (1917) 
and du Toit (1927). 

Later workers, Jones and de Jersey (1947) and Jacob and Jacob (1951) uphold 
the separation. Jacob and Jacob, working with Australian material, in a preliminary 
paper on the genus, describe in detail the cuticle of several species of Dicroidium. 
A full account of the problem may be found in Walkom (1917), Gothan (1912), 
Antevs (1914), Arber (1917), and du Toit (1927). 

Frenguelli (1943-44) has placed Feistmanters Thinnfeldia odontopteroides in 
a new genus, Znberia feistmanteli, but the necessity of this course is yet to be 
substantiated. 

The Victorian specimens, lacking workable cuticles, do not throw any light on 
the problem. Thinnfeldia odontopteroides and Thinnfeldia acuta have been placed 
in Dicroidium by analogy with the New South Wales and Queensland forms, but 
Thinnfeldia pinnata and Thinnfeldia mccoyi, whose cuticles are unknown, have been 
retained in Thinnfeldia until evidence is available. 

Thinnfeldia and Dicroidium are placed in the family Corystospermaceae of the 
Pteridospermae on the evidence of Thomas (1933). In a more recent paper, Jacob 
and Jacob (1951) state that fronds of Dicroidium from New South Wales possess 
tvpically gymnospermous cuticle. In certain respects, the cuticle of these forms 
recalls the Bennettitalean cuticle and that of the Ctenis group, but the affinities of 
Dicroidium are still under investigation. 

Genus Dicroidium Gothan 1912 

Diagnosis. ‘Frond dichotomous, each branch usually pinnate, seldom bipinnate. 
Venation odontopteroid, seldom alethopteroid. Epidermis delicate, walls of epi¬ 
dermal cells definitely undulating, delicate; stomata without subsidiary cells, irregu¬ 
larly arranged. Only in Rhaetic of the Glossopteris region. Common to date in 
Argentina, South Africa, Australia. Rare in East Indies.’ (Translated from 
Antevs, 1914.) 




94 


LORNA M. MEDWELL- 


Dicroidium odontopteroides (Morris 1845) Gothan 1912 
For full synonymy see also Arber 1917, p. 50. 

1845. Pecopteris odontopteroides Morris. In Strzelecki, Physical Description of New South 
Wales and Van Dicmans Land, p. 249, PI. VI, figs. 2-4. 

1908. Thinnfeldia odontopteroides Chapman. Vic. Geol. Surv. Rec., II: Pt. 4. 

1909. Thinnfeldia odontopteroides Chapman. Ibid., Ill: Pt. 1. 

1917. Thinnfeldia odontopteroides Arber. N.Z. Geol. Surv. Pal. Bull. 6, p. 50, PI. I, fig. 7; PI. 
V, fig. 5. 

1925. Thinnfeldia odontopteroides Walkom. Pap. and Proc. Roy. Soc. Tas., p. 78, fig. 5. 

1947. Thinnfeldia odontopteroides Jones and de Jersey. Qld. Univ. Pap., Ill (N.S.) : No. 3: 16. 

Specimens in the Geological Museum. 

Diagnosis. Walkom’s (1917a) definition of the species covers the Victorian 
forms. 

Locality . 48, 53, 136, 143, 141. 

Dicroidium acuta (Walkom 1917) Gothan 1912 (PI. VI, fig. 24 ) 

For full synonymy see Walkom 1917a. 

1917. Thinnfeldia acuta Walkom. Qld. Geol. Surv. Pub., 257: 23, PI. Ill, fig. 4. 

Specimen. N.M.V., No. P2169. 

Diagnosis. See Walkom 1917a. 

Locality. 53, 56. 

Genus Thinnfeldie Ettingshausen 

Diagnosis . 'Frond simple, usually pinnate; venation alethopteroid, seldom with 
a tendency to odontopteroid. Epidermis thick, walls of epidermal cells straight, 
thick; stomata with subsidiary cells in rows. Known from the Rhaetic of North 
Sweden, Hungary, Caucasus.’ (Translated from Antevs 1914.) 

Thinnfeldia mccoyi Seward 1904 

1904. Thinnfeldia mccoyi Seward. Vic. Geol. Surv. Rec., I: Pt. 3: 174, fig. 8. 

1909. Thinnfeldia mccoyi Chapman. Vic. Geol. Surv. Rec., Ill: Pt. 1: 110. 

Holotype. Geological Museum, No. 149. 

Diagnosis. Frond large, pinnate; pinnules opposite, broad, ovate, with decurrent 
margins. Venation alethopteroid. Each segment with a midrib which does not 
reach the tip and gives off dichotomously branched secondary veins at an acute 
angle. 

Locality. 28, 36, 48, 53, 63, 97, 112, 137. 

Thinnfeldia pinnata Walkom 1921 (Fig. 8 ; PI. VI, fig. 27) 

1921. Thinnfeldia pinnata Walkom. N.S.W. Geol. Surv. Mem., Pal. 12: 10, PI. II, figs. 1-4. 
Specimens in Geology Department, University of Melbourne. 

Diagnosis. See Walkom 1921. 

Remarks. Specimens from Rhyll, Phillip Island, of simple fronds, each with 
a relatively long petiole, and not seen attached to a rachis, seem best placed in this 
species. Neither venation nor cuticle is preserved, so that determination is based 
on leaf shape only. There is also no sign of the pitting seen on the rachis of many 
Thinnfeldias. In the outline of the leaf these specimens somewhat resemble Rcinitsia 
Walkom 1932, but as venation and cuticle are unknown there is no evidence for 
placing them in this species. 
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Thinnfeldia pinnata is described only from the Talbragar'Series of New South 
Wales. 

Locality . 134. 

Oo. Cycadales 

Genus Neuropteridium Schimper 1869 
Neuropteridium sp. (Fig. 7, 7a) 

Specimen No. 2004 in the F. IT. McK. Grant Collection, Geology Department, 
University of Melbourne, determined by Chapman as Sphenopteris arnpla McCoy. 

Diagnosis. Frond pinnate, possibly bipinnate; pinnules broad, linear to ovate; 
margin shows a slight tendency towards lobing; pinnules alternate, attached only 
by the central portion of the base, auriculate. Venation neuropteroid, i.e. with a 
short midrib giving off repeatedly forked diverging veins. 

Remarks. The larger isolated pinnules bear a resemblance to similar specimens 
from South Gippsland which have been referred to Thinnfeldia mccoyi Seward. 
Locality . 148. 

Nilssonia sp. 

From Allot. 53a, Jumbunna, Seward (1904, fig. 41) figured an incomplete 
fragment which he called ‘ Nilssonia sp/, stating that the material was too meagre 
for accurate diagnosis. A similar fragment has been obtained from the State 
Coal Mine, Wonthaggi (20 Shaft, 5 feet above the Intermediate Seam), but it 
too cannot be definitely determined. 

CoNIFEKOPHYTA 

Oi. Ginkgoales 

A detailed investigation and devision of the fossil Ginkgoales was made by Florin 
in 1936. As a result of this work, the genera have been more exactly defined, and 
there has been considerable rearrangement of species. Utilizing presence or 
absence of a distinct petiole, leaf shape, lobation, venation, and epidermal characters, 
Florin compiled a comprehensive key, the portion of which relevant to the Vic¬ 
torian species is given below: 

1. Foliage leaves with stalk distinctly offset from the lamina and approximately semi¬ 
circular to broad triangular in outline. 

(i) Foliage leaves either unlobed, or ± deeply divided into 2-8 tongue-shaped and 
basally constricted cuneate primary lobes; these frequently arranged in a right and 
left group, normally only once deeply (into half or still deeper) divided into second¬ 
ary lobes, which enclose 4-6 or more subparallel veins in the middle part of the leaf. 

A. Venation spongy to moderately dense, showing less than 20 veins per cm. in the 
apical part. 

(a) Foliage leaves closely agreeing with Ginkgo biloba (Recent) in epidermal 
structure or other systematically important anatomical characteristics.— 
Ginkgo. 

(b) Foliage leaves in respect to epidermal structure or other systematically 
important characters either unknown, or in any one of these strongly 
differing from Ginkgo biloba. — Ginkgoites. 

B. Venation very dense, 20 veins or more per cm. in the apical part of the foliage 
leaves.— Ginkgoidiiwi. 

(ii) Foliage leaves very strongly (to more than 2/3) divided into primary lobes, which 
can be arranged in two groups, and in their turn are at least once, but mostly 
repeatedly deeply lobed, all lobes narrow, linear or almost so, not more than 2-4 
parallel veins included in any one part.— Baiera. 
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2. Foliage leaves without distinctly offset stalk, diminishing towards the base to wedge 
shape, and in their outline ±: narrowly triangular or tongue-shaped. to nearly linear. 

(i) Foliage leaves constantly ± lobed. 

A. Foliage leaves ± deeply lobed, these being almost everywhere more than 2-4 
veins in width.— Sphenobaiera. 

B. Foliage leaves repeatedly deeply divided dichotomously into narrow linear lobes, 
and containing never more than 2-4 veins in width.— Csekanozvskia. 

(ii) Foliage leaves polymorphic, either entire with rounded apices or each once or 
twice shallowly divided. 

(iii) Foliage leaves constantly entire, with rounded apices. 

A. Epidermal structure of foliage leaves unknown.— Phoenicopsis. 

Genus Ginkgoites (Seward) emend. Florin 1936 

As a result of Florin's investigation, the Victorian examples of Baiera, with the 
exception of Baiera delicatula, are now placed in the genus Ginkgoites. 

Ginkgoites australis (McCoy 1892) Florin 1936 

1892. Baiera australis McCoy. In Stirling, Vic. Mines Dept. Spec. Rep., Coalfields 1, PI. I, 
fig. 2. 

Baiera robusta McCoy. Ibid. 

Baiera sub gracilis McCoy. Ibid. 

1900. Baiera australis McCoy. In Stirling, Vic. Mines Dept. Spec. Rep., Coalfields 7. 

Baiera robusta McCoy. Ibid. 

Baiera subgracilis McCoy. Ibid. 

1901. Baiera subgracilis McCoy. In Stirling, Vic. Mines Dept. Spec. Rep. 3. 

Baiera bidens. Ibid. 

1904. Baiera australis Seward. Vic. Geol. Surv. Rec., I: Pt. 3: 71. 

1936. Ginkgoites australis Florin. Palaeontographica, Bd. 81. 

Syntypes, N.M.V, Nos. P14221, P14222; 11c, lib, 10. 

Diagnosis. Leaves simple, fan-shaped, with distinctly offset slender petiole; 
divided into a number of primary lobes, frequently arranged in two groups; these 
further divided into secondary segments, bluntly rounded, each containing 5-14 
subparallel dichotomising veins. 

Remarks. In Stirling’s report (1892), McCoy figured, without adequate descrip¬ 
tion, two new forms, Baiera australis and Baiera subgracilis. Baiera robusta was 
recorded without figure of description. McCoy regarded these three species as ‘of 
highest interest in confirming the oolitic age’ of the deposits. In 1900, Stirling gave 
a brief description of these forms. 

In an examination of the type material, I have been unable to separate Baiera 
australis and Baiera subgracilis, and with Baiera robusta, the type material of which 
is missing, and which was not figured, these have been grouped as one species. 

Baiera subgracilis has been compared with Ginkgoites simmondsi Shirley, and 
Etheridge (1902) favoured grouping both species under the name Baiera flabelli- 
formis. Etheridge described ‘ovate elliptical bodies’ from Kongwak, which he 
believed to be seeds of Baiera. Victorian specimens possess fewer and smaller seg¬ 
ments, with fewer veins (5-14) than are found in Ginkgoites simmondsi (up to 
36 veins). The division of the leaf into two portions, and the bifurcation at the 
end of the segments, are distinctive, and are not seen in Ginkgoites simmondsi. 

Arber (1917) has compared Sphenobaiera robusta (Arber 1917) Florin 1936 
from Mount Potts, New Zealand, with Baiera robusta and Baiera subgracilis McCoy. 
In the first figured specimens of Baiera subgracilis (Stirling 1892, PI. II, fig. 13, 
and Stirling 1900, PI. I, fig. 7) the petiole is shown as distinctly offset, and the 
base is too narrow to allow inclusion in the genus Sphenobaiera. 
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From the San Martin Flora of Patagonia, Halle (1913) described a Baiera 
which he compared with McCoy’s species, and from his descriptions and figures 
it seems likely that these may be included in Ginkgoites australis. 

Locality. 1, 7. 10, 25, 37, 42, 47, 54, 55, 67, 68, 73, 80, 83, 85, 86, 88, 89, 90, 
92, 93, 97, 99, 102, 111, 117, 120, 125, 126, 127, 128, 132, 137, 144, 145, 146, 154, 
155. 

Ginkgoites antarcticus (Saporta 1898) Seward 1919 

1898. Ginkgo antarctica Saporta. In Shirley, Qld. Geol. Surv. Bull., 7: 11, PI. I, fig. 1. 

1917. Ginkgo antarctica Walkom. Qld. Geol. Surv. Pub., 259: p. 1, PI. I, figs. 1. 2. 

1936. Ginkgoites antarcticus Florin. Palacontographica, Bd. 81. 

1947. Ginkgoites antarcticus Jones and de Jersey. Qld. Univ. Pap., Ill (N.S.) : No. 3: 58. 
Diagnosis. See Walkom 1917. 

Remarks. A fragmentary specimen figured by Seward (PI. XVII, fig. 5) as 
Ginkgo sp. may be placed in this species. 

Locality. 67. 

Genus Baiera (F. Braun 1843) Florin 1936 
Baiera delicatula Seward 1904 

1904. Baiera delicatula Seward. Vic. Geol. Surv. Rec., I: Pt. 3: 178, fig. 38. 

ILolotypc. N.M.V., No. P14223. 

Diagnosis. Leaf fan-shaped, petiole distinctly offset, lamina divided into numer¬ 
ous narrow linear spreading segments, and bisected by a deep median sinus. Epi¬ 
dermal structure unknown. 

Remarks. No further specimens have been found. 

Locality . 144, 148. 

Genus Czekanowskia Heer 1876 

The genus Czekanowskia was introduced by Heer (1876, p. 65) for Gymno- 
sperms from the Mesozoic of Siberia. Heer describes the reproductive structure of 
these plants, but the evidence that the fertile and sterile specimens described belong 
to the same plants is not conclusive. In later work, the name Czekanowskia is used 
exclusively for leafy short shoots. The genus has been examined by Nathorst 
(1906), Harris (1926), Black (1929), Oishi (1930, 1933), and has been thoroughly 
revised by Florin (1936). 

The following definition is a translation from Florin: ‘Foliage leaves leathery, 
proportionately thick, rather long, not diminishing to a stalk but somewhat broaden¬ 
ing close to the base, bifurcating at an acute angle 1-5 times, with very narrow, 
parallel-sided, entire lobes. In the apical part these were short, narrow, pointed. 
Leaf lobes further traversed by 2-4 veins, parallel, furcating according to the splitting 
of the leaf surface, and mostly arranged in pairs. Foliage leaves bunchy, placed 
on short, almost bulbous, downward sloping short shoots, and surrounded at the 
base by small persistent lower leaves/ 

Czekanowskia sp. (PI. VI, fig. 20) 

Most of the known species of Czekanowskia are characterized by features of 
the cuticle, and in the absence of cuticle in Victorian forms, these cannot be allied 
to any described species. 

Diagnosis. Foliage leaves bunchy, deeply lobed, bifurcating repeatedly from a 
relatively broad base to give narrow linear entire lobes, greatest number of bifurca- 
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tions observed 5. Apices of lobes short, abruptly pointed. Veins parallel, dichotomis¬ 
ing just prior to dichotomy of lamina. Cuticle unknown. 

Locality . 101. 

Czekanowskia tenuifolia (Johnston 1886) Jones and de Jersey 1947 

Several records have been made of rather rigid fronds, branching several times 
and with reduced lamina and a single median vein. These generally have been 
regarded as Stenopteris elongata Carruthers 1872. 

In 1947, Jones and de Jersey pointed out that the description and figure of 
Stenopteris species given by Carruthers (1872) is not clear, and the specimen 
could be Czekanowskia tenuifolia . A study of the evolutionary trends of the genus 
and of details of the cuticle was made, and Stenopteris elongata was redefined and 
figured. 

The Victorian specimens differ appreciably from Jones and de Jersey’s speci¬ 
mens. Our material is fragmentary, and no cuticle is present to give conclusive 
evidence of the genus. On the leaf form alone, it seems closest to Czekanowskia. 

Locality . 9, 10, 25, ?20, 54, 102, 112, 137, 147. 

0 2 . CONIFERALES 
Araucarineae 
Fi. Araucariaceae 

Genus Araucarites Presl. 

The genus Araucarites includes cones, detached cone scales and wood, which 
bear a close resemblance to those of the modern Araucarineae . Sterile shoots have 
been referred to Araucarites , but with less justification. 

The Araucarineae are characterized by simple cone scales, laterally winged and 
with a prolonged tip, arranged around an axis to form a cone. Each scale bears 
a single centrally situated seed, and possesses a prominent appendage, the ligule. 

Araucarites cutchensis Feistmantel 1876 (PI. VI, figs. 22, 23) 

1896. Araucarites cutchensis Feistmantel. Foss. Flora Gondzv. Syst., II: Pt. 1. 

1917. Araucarites cutchensis Arber. N.Z. Geol. Surv. Bull. Pal. 6: 56: PI. 8, fig. 5: PI. 13, fig. 4. 

1919. Araucarites cutchensis Walkom. Proc. Linn. Soc. N.SW. XLIV. 

1920. Araucarites cutchensis Seward and Sahni. India Geol. Surv. Mem. Pal. Indica, 7 (N.S ) • 

Mem. No. 1 : PI. VI, figs. 63, 64. 

1922. Araucarites cutchensis Seward and Holttum. Q.J.G.S., LXXVII: Pt. 3: 274: PI. XII 
fig- 17. 

1928. Araucarites cutchensis Sahni. India Geol. Surv. Mem. Pal. Indica, XI (N.S.) : Pt. 1 • 
31: PI. V, figs. 65-67. 

Diagnosis . See Sahni 1928. 

Remarks . Specimens have been recorded from many Victorian localities which 
are best placed in this species (as revised by Sahni 1928). Seward (1904) described 
two cone scales from Victoria, and his Araucarites sp. A may be included in Arau¬ 
carites cutchensis. Cone scales of this type are very widespread, having been re¬ 
corded from the Clarence Series (Jurassic) of New South Wales; the Burrum 
Series (Lower Cretaceous) of Queensland (Walkom 1919) ; Graham Land (Halle 
1913) ; the Rhaetic and Jurassic of New Zealand (Arber 1917) ; the Jurassic of 
Ceylon (Seward and Holttum 1922); the Lhnia Beds of Kach, India, (Lower 
Cretaceous) (Feistmantel 1876) ; and from the Rhaetic of Patagonia (Berry 1924). 
The plants allied to the Eutacta section of Araucaria have a wide distribution in 
both space and time. 

Locality . 7, 8, 31, 34, 47, 53, 59, 65, 67, 74, 75, 86, 108, 109, 131, 138, 147. 
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? Araucarian Cone Scale (Fig. 17) 

In Mr. D. Jeffrey's collection from Queen’s Park, Geelong, is a single specimen 
of a cone scale identical with those described above, except in the possession of 
three spines instead of the usual single prolongation of the tip of the scale. The 
scale is also rather broader than those of Araucarites cutchensis. 

? Araucarineae 

Genus Brachyphyllum 

The genus Brachyphyllum has been revised by Kendall (1947), who has obtained 
cuticle preparations of material from the Jurassic of Yorkshire and Wiltshire. The 
external features of the genus as defined by Kendall are as follows: ‘Conifer 
twigs, often pinnately branched in one plane but individual shoots not flattened. 
Leaves borne spirally arising from about the middle of the rhomboidal or hexagonal 
leaf base cushion. Leaf, with leaf base cushion, broad, typically about as broad as 
long. Leaf forming the pointed continuation of the leaf base cushion, either point¬ 
ing directly upwards and outwards, but only slightly overlapping its own leaf base 
cushion. Substance of leaf very thick indeed. Venation not known.' (Kendall 
1947.) 

Brachyphyllum gippslandicum McCoy 1900 (Fig. 10; PI. VI, fig. 26) 

1900. Brachyphyllum gippslandicum McCoy. In Stirling, Vic. Mines Dept. Spec. Rep., Coal¬ 
fields 7. 

1904. Brachyphyllum sp. Seward. Vic. Geol. Surv. Rec., 1: Pt. 3: fig. 44. 

1909. Brachyphyllum gippslandicum Chapman. Vic. Geol. Surv. Rec., Ill: Pt. 1: 110. 

Lectotype. N.M.V., No. PI5705. 

Diagnosis. Brachyphyllum with ovate-elliptical leaves, protruding considerably 
from the leaf base cushion. Epidermal structure unknown. 

Remarks. In Stirlings report (1900), McCoy described a new species of 
Brachyphyllum from Gippsland as closely resembling Brachyphyllum mamillare 
Lindley and Hutton of the Indian Jabalpur Group, in the ovate rhomboidal form of 
the leaf scales and in the repeated ramification. In the absence of knowledge of the 
epidermal structure, accurate comparison with the revised species cannot be made 
and Brachyphyllum gippslandicum is retained as a separate species until such in¬ 
formation becomes available. 

The fragment described by Chapman as Cheirolepis is rather too small and 
incomplete for accurate diagnosis. 

Locality. 10, 34, 51, 53, 55, 117, 138, 140, 143, 147, 154. 

PODOCARPINEAE 
Fi. PODOCARPACEAE 

Genus Bellarinea Florin 1952 

The genus was instituted by Florin for a podocarpaceous conifer from Bellarine, 
Victoria, described by McCoy as Zamites ( Podoaamites ) barklyi. 

Diagnosis. ‘Woody plants. Leaves on branchlets of moderate length, bifacial, 
spirally disposed but expanded approximately in one plane, turning the morpho¬ 
logical upper surface upwards, spreading to divaricate, coriaceous, entire, flat, linear- 
lanceolate, straight or more or less strongly falcate, subacute or obtuse at the apex, 
only slightly contracted at the base, decurrent on the axis, and uninerved. 

Leaves on branchlets hypostomatic, showing two narrow bands with irregularly, 
mostly obliquely orientated stomata on the under surface. Stomatal apparatus in 
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the bands somewhat irregularly arranged in longitudinal rows. Leaf margins entire. 
Stomatal apparatus haplocheilic; perigene subsidiary cells 4 to 6 in number; guard 
cells only slightly sunk. Anticlinal walls of epidermal cells straight in the stomati- 
ferous bands, but often slightly sinuous in the non-stomatiferous areas on both 
surfaces/ (Florin 1952, p. 179.) 

Bellarinea barklyi (McCoy 1874) Florin 1952 

1874. Zamites (Podosatnites) barklyi McCoy. Prodromus of the Palaeontology of Victoria 
pp. 33-34: PI. 8, fig. 1. (non Stirling 1900, p. 5: PI. 5, figs. 4-5.) 

Holotype . N.M.V., No. P12220. 

Diagnosis. See Florin 1952, p. 179. 

Remarks. Bellarinea barkyli is the only specimen from the Victorian Jurassic 
which has yielded workable cuticle. It is distinctive in that it combines long, linear- 
lanceolate leaves, with obliquely orientated stomata arranged in longitudinal rows 
forming two narrow bands on the under surface of the leaf. 

Locality. 140, ?8, ? 122, ? 199. 

Position Unknown 

Genus Elatocladus Halle 1913 

Sterile shoots of Mesozoic conifers are frequently difficult to place, as Gymno- 
sperm genera are based chiefly on reproductive organs. In the absence of cones, 
fossils should not be grouped with such known genera, and Halle (1913) has 
erected the form genus Elatocladus to receive ‘sterile coniferous branches of radial 
or dorsiventral type, which do not show any characters which permit them to be 
included in one of the genera instituted for more peculiar forms’ (Halle 1913). 
In this form genus fall specimens from Victoria previously placed in the genera 
Taxites, Palissya and Zamites . 

Elatocladus conferta Oldham and Morris 1863 
For full synonymy see Arber 1917, Sahni 1928. 

1900. Palissya australis McCoy. In Stirling, Vic. Mines Dept. Spec. Rep., Coalfields 7, p. 6 
PI. Ill, figs. 8, 9. 

1904. Taxites sp. Seward. Vic. Geol. Surv. Rcc., I: Pt. 3: 182. 

1908. Palissya australis Chapman. Vic. Geol. Surv. Rcc., II: Pt. 4: 7. 

1909. Palissya australis Chapman. Vic. Geol. Surv. Rec., Ill: Pt. 1: 110. 

Taxites sp. Ibid. 

1917. Elatocladus conferta Arber. N.Z. Geol. Surv. Bull, Pal., 6: 58. 

1928. Elatocladus conferta Sahni. India Geol. Surv. Mem., Pal. Indica, XI (N.S.) : Pt. 1. 
Diagnosis. See Sahni 1928, p. 12. 

Remarks. In this genus is now included Palissya australis McCoy, which was 
figured without description by Stirling (1900), and compared with Palissya indica. 
Chapman (1909) recorded specimens of Palissya australis describing them as super¬ 
ficially similar to Taxites, but separable on the decurrent habit of the leaves. He 
compared the Victorian species with Palissya bra uni Endlicher and Palissya conferta 
Oldham and Morris 1863. 

The genus Palissya is reserved for plants with a particular type of fructification, 
so its application to the Victorian plants is inadmissable. Palissya australis McCoy 
is referred to Elatocladus conferta Oldham and Morris by Arber (1917) and Sahni 
(1928). 

Several additional specimens have been obtained but no further details of the 
structure and affinity are available. Seward's Taxites sp. (1904, p. 182) is probably 
also Elatocladus. 
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Elatocladus conferta is recorded from India, Australia, New Zealand, and 
Graham Land. 

Locality. 48, 53, 54, 74, 117. 

Elatocladus mccoyi Florin 1952 

1874. Zamites longifolius McCoy. Prodromus of the Palaeontology of Victoria, pp. 35-36: 
PI. 8, fig. 3. 

1952. Elatocladus mccoyi Florin. Palaeobotanist, I: 180: PI. I, fig. 7: PI. II, figs. 8a and 9. 
Holotype. N.M.V., No. PI2203. 

Diagnosis. See Florin, p. 180, 1952. 

Locality. 140, 143. 

Gymnosperm Wood 

A specimen collected from Cape Patterson by Dr. A. B. Edwards was suitable 
for sectioning. A transverse section revealed compact uniform secondary wood. 
Annual rings were clearly defined. 

A radial longitudinal section showed medullary rays of from 6-16 cells deep. 
In tangential longitudinal section these rays were seen to be only one cell thick. 

Preservation was not sufficiently good to allow the examination of the pitting 
on the tracheal walls, in the absence of such evidence no attempt was made to 
identify genus or species. 

? Rhizome 

Specimens. Geology Department, University of Melbourne. 

Diagnosis. Jointed stems or rhizomes, longitudinally striated, curved, 5 mm. 
wide; hollow, traversed at 3 mm. intervals by transverse partitions. 

Remarks. These most resemble a transverse longitudinal section of the type 
seen in Vertebraria indica, figured by Feistmantel (1877). Feistmantel’s figured 
specimens show radial longitudinal sections, in which both longitudinal and trans¬ 
verse partitions may be seen. It is possible that the Coleraine material is a related 
structure which does not show the longitudinal septa as these are not in the plane 
of the section. 

The genus Vertebraria is reserved for rhizomes of Glossopteris, and so cannot 
be applied to the Victorian specimens. 

Locality. 152. 

Conclusions 

The Age of the Flora 

The age of the Victorian Mesozoic flora has generally been placed as Jurassic. 
Seward (1904) regarded the specimens which he examined as belonging to ‘a 
jurassic flora approximately of the same age as the inferior oolite flora of England 
or ... of the Rajmahal series of India'. This opinion was based on the presence 
of ten forms almost indistinguishable from Inferior Oolite species. Seward also 
noted that some of the plants, e.g. the Thinnfeldias, bore a very close resemblance 
to those of a somewhat lower horizon. 

Chapman (1908, 1909) placed the Victorian flora in the Jurassic, but also noted 
the presence of Stenopteris, which, with Thinnfeldia , would indicate a lower horizon 
than that which yielded the plants examined by Seward. Chapman remarked on 
the similarity between the Victorian and Tasmanian floras, believing them to be ‘of 
approximately similar age’. 
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Walkom (1919) stressed the resemblance with the Walloon flora of Queensland, 
and correlated the Victorian beds with this series and with the Clarence, Artesian, 
and Talbragar Series of New South Wales. 

Of the species present in the Victorian flora, the following throw some light on 
the age of the beds: 

(a) Suggesting a Jurassic age. 

Taeniopteris spatulata. Taenioptcris is not generally a good index fossil, but 
the narrow form, Taeniopteris spatulata , is relatively uncommon except in the 
Jurassic, where it occurs in great abundance. 

Thinnfeldia pinnata us known elsewhere only from the Jurassic of the Talbragar 
Series of New South Wales. 

Coniopteris hymenophylloides is a characteristic Jurassic plant within Australia 
and abroad. 

Sphenopteris hislopi is identical with the Indian form from the Rajmahal Hills. 

Osmunditcs dunlopi and Osnmndites gibbiana are Jurassic species, and fronds 
of Cladophlebis denticulata range throughout the Mesozoic, and are especially 
abundant in the Jurassic. 

Taeniopteris crenata is known also from the Rajmahal Hills. 

Microphyllopteris occurs in the Lower Jurassic of India, and in the Waikato 
Heads flora of New Zealand, which was formerly believed to be Neocomian, but is 
now thought to be Jurassic. 

The presence of the conifers BrachyphyHum, Bellarinea, Elatocladus, and Arau- 
carites also suggests a Jurassic age. 

(b) Suggesting a Triassic age. 

There is a strong Triassic element in the flora, represented by: 

Neocalamites. Known from the Ipswich, Esk, and Bundamba Series of Queens¬ 
land, and from Tasmania. 

Dicroidium and Thinnfeldia are typically Lower Mesozoic forms. 

Stenopteris, if present, is a typically Triassic genus. 

Ginkgoites and Czekanozvskia are in Queensland practically restricted to the 
Ipswich and Esk Series, and are rare in the Bundamba and Walloon Series. 

Taeniopteris tenison-zvoodsi is also an Ipswich species. 

Although the Victorian flora contains both Triassic and Jurassic elements, there 
is no indication of any localization of species which would enable a stratigraphical 
subdivision of the flora to be made. Plants usually regarded as Triassic, and typical 
Jurassic forms coexisted at most localities—in the east at Albert River, throughout 
South Gippslatid, at Grice’s Creek on the Mornington Peninsula, in the Barrabool 
Hills, and in the west at Apollo Bay. Both elements were present near the base 
of the series at Rhyll, Griffith’s Point and Kilcunda, and also where considerable 
depths of sediments have been proved by boring at Jumbunna, Korumburra, Won- 
thaggi, and Coalville. The most abundant records of the Triassic element are in 
the parishes of Jumbunna, Jumbunna East, Korumburra and Jeetho, but as these 
are also the most extensively explored areas, too much significance cannot be 
attached to this. At Welshpool, Binginwarri and Koorooman, Jurassic forms pre¬ 
dominate, but this could be due to lack of material. From the Merino District, 
the few available records are of Jurassic forms, with the exception of Ginkgoites 
from Murndal and Casterton. 
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Table 1 

Comparison of the Victorian Flora 1 with other Mesozoic Floras 
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Triassic 

Jurassic 

Cretaceous 

L. 

M. 
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•6 
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New Zealand 
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India 
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Esk, Qld. 
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Some species may predominate at one locality, e.g. the conifers at Bellarine, 
but there does not seem to be any regularity of distribution, and no stratigraphical 
pattern is evident. By far the most abundant forms throughout are the Jurassic 
Taeniopteris spatulata and Sphenopteris liislopi, and Cladophlebis australis is also 
frequently present. The flora is therefore placed in the Jurassic, the presence of the 
persistent Triassic element suggesting that the beds are very low in the Jurassic. 

' Correlation 

Table 1 shows the relationship of the Victorian plants with other Mesozoic 
floras. It will be seen that five species are restricted to Triassic beds in other parts 
of the world, but the bulk of the flora is Jurassic. Some genera, e.g. Cladophlebis 
and the conifers, also extend into the Cretaceous. 

Within Australia, the closest comparison possible is with the Queensland floras. 
These have been revised in recent years, and are more fully known than any others. 
In Queensland all stages of the Mesozoic are present. The Triassic is represented 
by the Ipswich Series—regarded by Jones and de Jersey as of Middle Triassic 
age, equivalent to the Hawkesbury and Wianamatta Series of New South Wales— 
and the Esk Series — which is correlated with the Kholo and Tivoli Stages of the 
Ipswich Series. The Bundamba Series contains a flora essentially Ipswich in 
character, and has been placed between the Ipswich and Walloon—probably Upper 
Triassic—with a greater break between the Bundamba and Walloon than between 
the Ipswich and Bundamba. The Jurassic of Queensland is represented by the 
Walloon Series, while Cretaceous is present in the Maryborough (Lower Creta¬ 
ceous), Burrum (= Weald, Neocomian) and Styx Series (Fatapsco of the Potomac, 
= Albian). 

In addition, Queensland possesses several small floras which cannot be related 
with any certainty to either the Ipswich or Walloon Series. These include the Brigh¬ 
ton Beds (Jones and de Jersey 1947), the material from North Arm, Parish of 
Maroochy, examined by Dr. Whitehouse, the Cracow flora (Jones 1948), and 
material from Marburg. 

The Victorian flora contains representatives of both the Queensland Triassic 
and Jurassic floras. Neocalamites, Dicroidium acuta, Dicroidiutn odontopteroides, 
Sphenopteris supcrba, Doratophyllum tenison-woodsi, Ginkgoites antarcticus, Czck- 
atwwskia tenuifolia, the large Thinnfeldias and Cladophlebis australis of the Ipswich 
and Esk Series may be compared with the Victorian forms, while the Walloon flora 
is represented by Equisetites, Cladophlebis australis, Dicroidium odontopteroides, 
Sphenopteris superba, Taeniopteris spatulata, Phyllopteris, Doratophyllum tenison - 
rvoodsi, Ginkgoites, and the conifers Araucarites, Brachyphyllum , and Elatocladus. 

The Victorian flora is not directly comparable with either of these series, but 
seems to be an intermediate facies. It is possible that when more is known of the 
smaller Queensland floras mentioned above, the Victorian plants may be correlated 
more closely with these than with either of the more clear-cut and better-known 
series. 

The plant-bearing felspathic sandstones of Tasmania are very similar to the 
Victorian Lower Jurassic, but the flora is distinctly Triassic, and is most comparable 
with the Ipswich and Esk floras. Neocalamites, Dicroidium acuta, Dicroidium odon- 
t opt oroides, Czekanowskia and Ginkgoites, which make up the Triassic element in 
Victoria, and Cladophlebis australis, which ranges throughout the Mesozoic, are 
also present in Tasmania. 

From the Runnymede Formation, near Casterton, Victoria, a flora has been 
obtained which is quite distinct from the Lower Jurassic one described above, and 
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which appears to range from Upper Jurassic to Cretaceous. (Medwell, MS.) It 
is a small flora of strongly Mesozoic aspect, and contains two Angiosperms. The 
plants are found in a soft white claystone, and occur in two distinct horizons, over- 
lain without any marked break by fifty feet of ferruginous grits and clays which 
have yielded an Eocene fauna. 
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Explanation of Plates 

Plate IV 

Fig. 1.— Osmundites dunlopi. Cape Patterson. A-A. Level at which transverse section was 
made, x 1/3. No. 2003, Geology Dept., University of Melbourne. 

Fig. 2.— Osmundites dunlopi. T.S. of two leaf bases. Leaf trace xylem, sclerotic strands, and 
delimiting band of sclerenchyma may be seen, x 20-6. 

Fig. 3.— Osmundites gibbiana. Cape Patterson. T.S. showing two roots, with diarch proto- 
xylem groups, x 20-6. N.M.V. PI5703. 

Plate V 

Fig. 4.— Osmundites gibbiana. T.S. of leaf bases showing leaf trace xylem with two groups 
of protoxylem on the adaxial side of the trace, and delimiting band of sclerenchyma. 
Two roots on the left show diarch protoxylem. x 20-6. 

Fig. 5.— Osmundites gibbiana. T.S. of xylem ring, with leaf traces passing through the cortex, 
and large pith, x 20-6. 

Fig. 6.— Osmundites gibbiana. T.S. Portion of the xylem ring and pith. Separate oval strands, 
with mesarch protoxylem. The mottled appearance of the tracheal walls is due to 
the presence of pits, x 57. 

Plate VI 

Fig. 20.— Csekanowskia sp. Cape Patterson. N.M.V. PI5704. x 2. 

Fig. 21.— Marchantites barwoni n. sp. Queen’s Park, Geelong. N.M.V. PI5702. N.S. 

Fig. 22.— Araucaritcs cutchensis. Queen’s Park, Geelong. Geology Dept., University of Mel¬ 
bourne, No. 2006. x 2. 

Fig. 23.—Counterpart of 22. 

Fig. 24.— Dicroidium acuta. Jumbunna. N.M.V. P2169. N.S. 

Fig. 25.— Microplwllopteris ininuta n. sp. Apollo Hay. Geology Dept., University of Melbourne. 
No. 2004. N.S. 

Fig. 26.— Brachyphyllum gippslandicum. Casterton. Geology Dept., University of Melbourne, 
No. 2008. x 2. 

Fig. 27.— TJiinnjeldia pinnata. Rhyll. Geology Dept., University of Melbourne, No. 2007. x 2. 
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FLORA OF VICTORIAN LOWER JURASSIC 

Woodward, A. Smith, 1906. A Tooth of Ceratodus and a Dinosaurian Claw from the Lower 
Jurassic of Victoria, Australia. Ann. and Mag. Nat. Hist., Ser. 7, Vol. XVIII; Vic. Geol. 
Stirv. Rcc., II, Pt. 2 

Wright, J., 1899. Notes on the Geological Features of Area in South Gippsland—Morwell and 
Narracan Basins. Vic. Geol. Surv. Month. Prog. Rep., 8-9. 

Yokoyama, M., 1889. Jurassic Plants from Kaga, Kilda, and Echizen. Jonrn. Coll. Sci. Japan, 
III. 

-—, 1894. Mesozoic Plants from Kozuki, Kii, Awa, and Toja. Jonrn. Coll. Sci. Japan, 

VII, Pt. 3. 


Legend for Text Figure 

Fig. 7.— Neuropteridium sp. Apollo Bay. Geology Dept., University of Melbourne, No. 2004. 
N.S. 

Fig. 7a.—Lower right pinnule enlarged to show the venation, x 2. 

Fig. 8.— Thinnfeldia pinnata. Rhyll. Geology Dept., University of Melbourne, No. 2007. x 2. 
Fig. 9.— Tacnioptcris tcnison-ivoodsi Rhyll. Geologv Dept., University of Melbourne, No. 
2010. x 2. 

Fig. 10.— Brachyphyllum gippslandicuvi. Albert River. N.M.V. P15705. N.S. 

Fig. 11.— Tacnioptcris spatulata. Enlarged diagram of the original of Stirling’s Tacnioptcris 
carruthersi (Plate I, figs. 1, la, 2; 1900. N.M.V. 71 JS.). The trace of the secondary 
veins shows all variations from the right angle of Tacnioptcris daintrcci McCoy to the 
curve of Taenioptcris carruthersi Tenison-Woods. x 2. 

Figs. 12-16.—Gymnosperm cones. Screw Creek, Drumdlemara. x 12. 

Fig. 17.—Cone scale. Queen’s Park, Geelong. N.M.V. P15700. x 2. 

Figs. 18-19.— Araucaritcs cutchensis. Queen’s Park, Geelong. N.M.V. P15701. N.S. 
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THE VOLCANIC ROCKS OF THE DAYLESFORD DISTRICT 

By Alan Coulson, M.Sc., B.Ed. 

[Read 11 December 1952] 

Abstract 

A decided contrast exists between the extensive lava fields to the west of Daylesford, and 
the confined lava fields to the east. They are separated by the Jim Crow Ranges of Ordovician 
sandstone, those to the east are usually older and more acid, those to the west are younger, 
more basic, and more widespread. All belong to the Newer Volcanic series and range in age 
from Pliocene to Pleistocene or later; some of the dykes are probably older than Pliocene. 

There is a marked tendency to parallel alignment of points of eruption, the principal direction 
being that of the Corinella dyke. Certain evidence suggests that there has been some migration 
of points of eruption from east to west along these lines of weakness. 

New evidence is given that the course of the ancestral Jim Crow Creek was much the same 
as the modern stream, and not under Wombat Hill as popularly held. 

Petrology 

The nomenclature set up by Edwards (1938) has been followed, with the 
addition of local varieties. The types met with are: 

Lavas Trachyan desite 

Trachyphonolite 
Trachyte 
Oligoclase basalt 

1. Normal 

2. Macedonite 

Olivine-anorthoclase-trachybasalt 

Olivine-anorthoclase-basalt 

1. Normal 

2. Llewellyn Lead variety 

3. Kingston variety 
Iddingsite-augite-andesine basalt 

1. Ballan type 

2. Porcupine Ridge type 
Oli vine-labradorite-basalt 

Trentham type 

1. Normal 

2. Titanaugite variety 
Malmsbury type 

1. Normal 

2. ‘Dolerite porphyrite’ 

Footscray type 

Limburgitic basalt 
Limburgite 

Dykes Monchiquite 

Biotite lamprophyre 
Augite lamprophyre 
Olivine basalt 
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E j ect m e nta Agglomerate 

Tuff 

Country Rock 

Associated Rock Diatomaceous earth 

Adequate descriptions of the petrological characters of the principal types 
have been given by Edwards (1938), and only the varieties are here described 
in detail. 

TV achy andesite 

Black and grey fine-grained trachyandesites occur at Spring Hill, west of Tylden 
(Edwards, p. 258), but not elsewhere in the area mapped. 

Trachyphonolite 

Green anorthoclase trachyphonolite (Mahony 1931) occurs on Mount Wilson, 
south-west of Blue Mountain. 

Trachyte 

These greenish rocks occur in Allot. 69, Tylden, form Blue Mountain south of 
Trentham, and Babbington’s Hill north of Bullarto. The upper flow at Blue Moun¬ 
tain is a light green-grey rock, and the lower is dark green and finer grained 
(Mahony 1931). Babbington’s Hill is a large lava dome of dark green trachyte. 

Oligoclose basalt 

Basic olivine oligoclase basalts occur in the lower flows at Trentham Falls and 
Dier’s Falls (Holcombe) in a valley south of Mount Prospect, in the bed of the 
Tullaroop Creek (Parish of Glengower and Eglinton) and form the western edge 
of the lava sheet between Dean and Spring Mount, though this area has not been 
mapped in detail. They are amongst the earliest of the basalt flows. Certain early 
flows from Mount Franklin to the north must have been oligoclase basalt, as this 
type is found as large boulders in the deep lead gravels of Yandoit (Steele’s Creek) 
Mine (Whiting 1938). 

The Macedonite variety of oligoclase trachybasalt was established by Skeats and 
Summers (1912). A small patch is exposed on the southern edge of the Bullarto 
flows in Allot. A 13. Bullarto. 

T rachybasalt 

Olivine-anorthoclase-trachybasalt occurs in the lowest flow on the south side of 
Babbington’s Hill, and forms the central portion of the Bullarto plateau. 

Olivine Anorthoclase Basalt 

Considerable difficulty was experienced in distinguishing between ‘anorthoclase’ 
and potash obligoclase in the phenocrysts of certain lavas; it is a matter of opinion 
whether some of the flows mapped as oligoclase basalt would be more correctly 
termed anorthoclase basalt. Those mapped contain significant numbers of ‘anortho¬ 
clase’ phenocrysts, little corroded nor resorbed, as to warrant classification in the 
normal type. The major flows came from Mounts Moorookyle and Kooroocheang 
(Smeaton Hill) and from Mount Franklin. In the crater of this latter breached 
scoria cone is a plug of basalt in which phenocrysts of ‘anorthoclase’ up to 3 inches 
in length have been found, together with masses of dark green olivine and black 
pyroxenes. Similar minerals are common in the scoria of which the walls of the 
cone are composed. 
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Olivine-Labradorite-Anorthoclase Basalt (Llewellyn Lead variety) 

This may be regarded as the Trentham type containing significant numbers of 
anorthoclase phenocrysts. The long flow running from Leonard’s Hill to Dayles- 
ford (Orr 1927b) belongs to this variety. 

Olivine-Labradonte-Anorthoclase Basalt (Kingston variety) 

Flows between Kangaroo Hills (Kingston) and Hepburn Lagoon appear to 
be intermediate between the Malmsbury type of olivine-labradorite-basalt and 
olivine-anorthoclase-basalt. They have been mapped as Malmsbury type. 

Iddingsite-Augite-Andesine Basalt (Ballan type) 

Although this type grades into the Malmsbury type (Edwards, p. 277) there is 
little difficulty in recognizing the extreme Ballan type by its texture in thin sections. 
It occurs as the latest flow in many of the volcanic hills, notably in the north-west 
and central portions of the area. The hand specimens are usually fine grained 
compared with the doleritic Malmsbury type. 

I d ding sit e-Titanaugite-A nd esine Basalt (Porcupine Ridge variety) 

This variety of the Ballan type medium occurs as lava flows from Porcupine 
Ridge and The Bluff (Holcombe). The hand specimens are blue-grey, non-vesi- 
cular, with small phenocrysts visible; in thin section the rock consists of common 
small to medium olivine phenocrysts heavily margined with reddish iddingsite, 
abundant large to medium crystals of titanaugite, while the ground mass contains 
smaller pyroxenes, short andesine laths, some glass, and minute dots of iron oxides. 

Olivine-Labradorite-Basalt (Trentham type) 

The normal Trentham type (Edwards, p. 281) is widespread in the eastern and 
southern portions of the area; in many places it is clearly overlain by flows of 
Malmsbury type. It is readily distinguished from the latter by its dark grey colour, 
with a greenish tinge, and its dense texture. In thin section the absence of iddingsite 
and the presence of green glass assist in recognition. 

Olivinc-Labradorite-Titamugite-Basalt (Trentham type) 

This variety occurs in four localities, viz. Allot. 6A, Bullarto; Allot. 29, 
Korweinguboora; Allot. 11, Section IV, Burke, and Allot. 25, Smeaton, all small 
areas; and in a distinctive flow from Bull’s Hill (Musk) to Coomoora (in the bed 
of Wallaby Creek). It is a dark blue-grey fine-grained non-vesicular rock, showing 
small phenocrysts of olivine and pyroxene (up to 1 cm.). The thin sections show 
large to medium clear olivines, without iddingsite, large phenocrysts of titanaugite 
with inclusions of iron oxides, large masses of labradorite laths; the ground mass 
consists of plagioclase felspars, granular greenish-blue pyroxenes, and abundant 
grains of iron ore, many encrusting the pyroxenes. Small patches of green glass 
occur. 

0livine-Labradorite-Basalt (Malmsbury type) 

The normal doleritic type of light grey Malmsbury basalt (Edwards, p. 281) 
covers much of the extensive lava field in the west of the area, and the flows were 
obviously derived from the vents whose upper flows are mapped as Ballan type. 
There is often only the textural difference to distinguish the two types, and these 
may be less distinct than was formerly thought. 
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Olivine-Labradorite-Basalt (‘Dolerite Porphyrite’) 

In the vicinity of Tallent’s Hill, Dean, there is a coarse-grained doleritic rock, 
with abundant white felspar laths about 1 cm. long, set in a purplish groundmass! 
It was mapped by the Geological Survey (Creswick Goldfield) as dolerite porphyrite! 
but thin sections show that it is merely a coarse variety of the Malmsbury type. 

Olivine-Labradorite-Basalt (Footscray type) 

This type, similar in texture but darker in colour than the Malmsbury type, and 
characterized in thin section by the presence of intersertal brown to black iron-rich 
glass in the groundmass, is found in flows around Mount Cameron (Eglinton), near 
Birch’s Bald Hill (Springhill),at Clover Hill (Smeaton), and Badger Hill (Dean). 

Liniburgitic Basalt and Limburgite 

Many hand-specimens named in the field as limburgites because of their dark- 
blue grey nodular appearance proved on microscopic examination to contain small 
amounts of plagioclase. Wombat Hill and Adami’s (Middleton’s) Hill immediatelv 
north of it are of liniburgitic basalt. So also are the residuals on either side of 
Breakneck Gorge at Hepburn, Snake Hill (Glenlyon), Snowdon Hill (Burke), a 
flow near Franklinford, and Edwards Hill (W. Moorabool). These lavas are limited 
in extent to the vicinity of the vents. True limburgite appears only on the summit 
of Wheeler’s Hill (Musk) associated with liniburgitic basalt. 

Ejected Blocks of Country Rock 

In the scoria of many vents, especially in the western half, there are small 
ejected blocks of the country rock, chiefly sandstone and mudstone, but occasionally 
granite. 

Lady Franklin, the parasitic cone on the western slope of Mount Franklin, has 
the largest blocks, some up to 3 feet in diameter. These are sandstone, quartzite and 
quartz pebbles. Kooroocheang or Smeaton Hill has similar blocks in its scoria. 
At Bowen’s Hill, Allots. 1, 2, 3, Smeaton, there are inclusions of granite in the 
scoria. The nearest granite in situ is 6 miles west of this vent. Quartz pebbles are 
found in the vesicular lava of the eastern hill at Stony Rises, Allot. 41, Campbell- 
town. 

Dyke Rocks 

Several biotite-lamprophyre dykes occur in the Hepburn area. The longest runs 
east-west from the North Ajax Mine across to the Freehold United Mine, a distance 
of miles. It is clearly marked on Whitelaw’s map of the Daylesford Goldfield 
(Whitelaw and Baragwanath 1922). The width averages 2 feet. On the surface 
it is very decomposed, but can be recognized by the flakes of brown biotite. Fresh 
specimens from the dump of the Freehold United show large flakes and ‘books’ 
of biotite up to 2 cm. and rarer masses of black hornblende set in a fine-grained 
light brown groundmass. In thin section the biotite is revealed as corroded pheno- 
crysts, out of equilibrium with the groundmass; there are rarer phenocrysts of pleo- 
chroic titaniferous augite, corroded olivines, ovoid patches of hornblende, patches 
of analcite and secondary calcite and dots of iron ore. The rock is related to the 
Bendigo monchiquite dykes (Stillwell 1912). 

Similar dykes occur at the Frenchman’s Mine and in Welshman’s Gully, Hep¬ 
burn, and at Fairy Dell (Tipperary Springs) in the bed of Jim Crow Creek. In 
these, the biotite crystals are not so numerous. Both dykes appear to have an east- 
west trend. Numerous smaller dykes, mostly decomposed, are recorded on the 
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various Geological Survey plans of the area. There is no evidence of their lithological 
nature, but presumably most were of the monchiquite type. 

Certain basaltic dykes are recorded, notably the feeder pipe of Wombat Hill 
volcano (Whitelaw and Baragwanath 1922, p. 8), the funnel-shaped filled crater 
of Adami’s (Middleton's) Hill (Krause 1878) and the Corinella dyke at Egans- 
town (Orr 1927a). These are discussed later under the heading of structural 
features. Near Christensen's Ajax Mine is a plug of augite lamprophyre, a grey 
non-vesicular rock of medium texture, showing phenocrysts of augite and felspar. 
In thin section the rock consists of titanaugite and clear olivines, with subordinate 
interstitial plagioclase laths and some blebs of iron ore. 

Pyroclastic Rocks 

Remarkably few outcrops of pyroclastics occur. On the north-west bank of 
Hepburn Lagoon there are bedded tuffs visible for a thickness of 20 feet; volcanic 
agglomerate occurs in beds a few feet thick at Bald Hill, 1 mile north-west of the 
summit, at McRorie's Hill (cf. Gregory 1903, p. 11) and at the western edge of 
the Corinella Hill on Deep Creek. 

Scoria is abundant on most of the volcanic hills, especially in the western half of 
the area. Krause (1878, p. 90) states that ‘a thick deposit of ash and scoria fills 
a great part of the depression between Wombat Hill and Fern Hill'. Mr. G. Baker 
kindly examined a specimen of tuff from the Corinella ‘dyke' and found grains of 
olivine, augite, magnetite, brown glass, ilmenite, iddingsite and altered plagioclase, 
indicating a basic volcanic rock. 


Evidence of Age 

All the lavas belong to the Newer Volcanic series of Pliocene to sub-Recent age. 
Many of the flows overlie ‘deep lead’ gravels, which contain silicified wood and 
are closely associated with lignitic clays. Krause classified all the sub-basaltic gravels 
as Middle Pliocene (Older Drift) as distinct from the Wallaby Creek (Coomoora) 
quartz conglomerates which he regarded as Oldest Drift (Lower Pliocene), a 
remnant of a once extensive capping on the Ordovician. The present river gravels, 
in part redistributed Older Drift, he classed as Recent Drift (Upper Pliocene). 

Whitelaw (1922) classed the sub-basaltic gravels as Older Pliocene, the higher 
level gravel deposits on creek banks as Newer Pliocene, and the present creek-bed 
gravels and basalt boulders as Recent. 

In view of the range in age of the volcanic rocks over two geological periods, it 
seems fallacious to regard all the sub-basaltic gravels as of the same age; they 
must necessarily have a somewhat greater age-range than the basalts, i.e. at least 
from Lower Pliocene to Holocene. The lignitic deposits of Stony Creek Basin, 
Coomoora, Werona, etc., have not been satisfactorily classified in regard to age; 
they may be Pliocene to Pleistocene. The order of extrusion of the various lava 
types can be more definitely established, and confirms the observation of Edwards 
(p. 308) that the older flows were acid and the later flows basic. 

The general sequence is: 

Limburgitic basalt 
Ballan 
Footscray 
Malmsbury 

Ol-Anorthoclase-Basalt 
T rentham 
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T rachybasalt 
Oligoclase Basalt 
Trachyte 
T rachy-phonolite 

At Wheeler’s Hill (Musk) the limburgitic basalt overlies the Ballan type flow 
of Italian Hill. Ballan-type forms many of the volcanic hills north-east of Clunes, 
from which earlier Footscray and Malmsbury-type flows emanated. In many places 
in Burke, Coliban and Trent ham, the Malmsbury type overlies the Trentham type. 
The position of the Olivine-anorthoclase-basalt flows is not certain, but the flow 
from Leonard’s Hill covering the Llewellyn Lead appears to be later than the 
Trentham-tvpe flow south from Leonard’s Hill. At Mount Moorookyle the olivine- 
anorthoclase-basalt is younger than the Trentham type to the north-west; a similar 
relation holds for Mount Franklin. The trachybasalt of Bullarto is probably con¬ 
temporaneous with the Trentham-type basalt, or possibly slightly older. At Dean 
and Wattle Flat the oligoclase basalt appears to pre-date the Malmsbury and 
also the Trentham type. 

Because of their relatively denuded state, the trachytes of Blue Mountain and 
Babbinton’s Hill, and the trachyphonolite of Mount Wilson, are placed lowest in 
the order of age. 

Little evidence is available as to the age of the dykes, though from their de¬ 
composed state most of them, and especially the lamprophyres, would appear older 
than the lavas. The volcanic plugs are no doubt contemporaneous with the lavas. 

The tuffs of the Corinella dyke and of Coomoora are probably contemporaneous 
with the diatomaceous and lignitic deposits in those areas. The ages of these 
lacustrine beds have not been precisely assessed; they may be Pliocene or Pleisto¬ 
cene (Harris and Thomas 1948, Cookson 1953). 

Types of Volcanic Land Forms 

More than half of the 100-odd vents are scoria domes of typical helmet shape, 
lacking a visible opening and rising some 200 to 500 feet above their surroundings. 
Typical scoria domes are Wheeler’s Hill (Musk), Bullarook Hill. Spring Mount 
(Creswick), Forest Hill (Kingston), Clarke’s Hill (Newlyn) and Mount Mooroo¬ 
kyle (Smeaton). Composite volcanoes of alternate lava and scoria are Smeaton 
Hill (Kooroocheang), Wombat Hill (Davlesford), Menzies’ or Stewart’s Hill 
(north of Mount Franklin) and Patten’s Hill (west of Malmsbury). 

Sill-like ridges on the sides of some of the scoria domes suggest the edges of 
interbedded lava flows, some with inwards dips in a radial pattern. Similar con¬ 
centric ridges on some of the lava domes, e.g. Mount Wilson, are probably due to 
successive flows. 

Mount Franklin and Horseshoe Hill are breached cinder cone craters, and 
Bald Hill west of Hepburn Springs is a breached scoria cone. At Kangaroo Hills 
(Newlyn) and Eastern Hill (Eganstown) there are paired hills due probably to 
simultaneous eruptions, as the rocks in each pair are identical. Lady Franklin is 
a parasitic cone on the west side of Mount Franklin, and there is another on the 
southern slopes of Kooroocheang (Smeaton Hill). 

Lava domes and shields comprise only 15 per cent of known vents. Typical 
examples are: 1 Elevated Plains. Mount Prospect, Mossop’s Hill, Stony Rises 
(Campbelltown) and Powlett’s Hill (Campbelltown). 

Hepburn’s Lagoon may be the site of an explosion caldera or maar, with the 
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Kangaroo Hills marking the northern perimeter, a lower arcuate ridge on the west 
and south, and beds of tuff exposed on the northern edge of the lake. 

Adami’s (Middleton’s) Hill, half a mile north of Wombat Hill, was proved 
by mining operations (Krause 1878) to be a funnel-shaped capping sealing a 
volcanic pipe. 

Volcanic plugs of a few yards diameter are recorded at Christensen’s Ajax 
Mine, Doctor’s Gully, a site east of Mount Franklin, and two between Tipperary 
Springs and Eganstown. They are all now level with the Ordovician country rock. 
Mining operations revealed volcanic pipes under Wombat Hill (Whitelaw, p. 10) ; 
Elevated Plains (Taylor, p. 15), and at Corinella (Taylor, p. 15). 

The thickness of the lava flows varies greatly; the average thickness would be 
30 to 50 feet, but much greater thicknesses are recorded in Diamond Drill Reports 
(1886-7) and Hunter (1909) and on the Survey maps; e.g. Porcupine Ridge, 190 
feet; Bullarook, 200 feet; Glenlyon, 233 feet, etc. Superimposed flows, in some 
cases separated by clay or gravel, occur in the vicinity of Shepherd’s Flat and 
Franklinford, in the bed of Tullaroop Creek on Fraser’s Station (Glengower), 
at Trentham East, and at many other places, especially in the banks of the creeks. 

Structural Pattern of Vents and Dykes 

Consideration of the relative positions of the vents reveals a strong tendency 
to linear arrangement along sets of parallel lines. The dominant line of weakness 
is that of the Corinella Dyke (Orr 1927a), running approximately west-east (279° 
M) ; this line includes, reading from the west, Clover Hill, McRorie’s Hill, Wood- 
house’s Hill, Kangaroo Hills, Eastern Hill, Corinella volcanoes and dykes, Stony 
Creek Basin, and Wheeler’s Hill. This line appears similar to some in Iceland 
('1 horoddsen 1905), which are in places along their length volcanic, non-volcanic, 
open, closed, partly closed, or fallen in; the Corinella line has blank intervals 
between vents which may be due to closing of the fissure in those places; in other 
places, as at Eganstown and Sailor’s Creek, it is occupied by basaltic dykes, deposits 
of tuff, diatomaceous earth and ligneous clay, apparently in rather narrow vertical 
attitudes, and in other places by brecciated country rock (Coulson 1950). 

Several lines of vents parallel in direction to the Corinella line can be reasonably 
discerned (Fig. 2) ; the proximate northern one includes the long dyke of biotite 
lamprophyre running from the North Ajax Mine to the Freehold United Mine. 

Since the principal fold axes of the Ordovician basement run approximately 
NNW.-SSE. (337°M), the compressive stresses come from due west, so that the 
lines of weakness described above represent tension gashes, and in some respects 
their disposition suggests faults ‘en echelon’ (cf. Niven 1942). 

It is natural to seek another set of co-linear vents with directions orthogonal or 
diagonal to the main west-east lines. Before discussing these, it must be admitted 
at once that none of these lines are fault-lines or fissures; they are merely lines 
along which perhaps half a dozen vents are aligned. This gives point to Cotton’s 
remark (1944) that ‘the relation of central vents to underlying fissures or fissure 
swarms (rift zones) in the crust is rarely questioned, but the fissures are in nearly 
all cases hypothetical’. 

Despite the objection that there is absence of evidence of Assuring or faulting 
among the rocks intersected by the lines joining the vents, there appears to be some 
significance in the line-up of such major points of eruption as Rocky Hill-Smeaton 
Hill-Kangaroo Hills-Bullarook Hill-Tipperary Hill-Badger Hill in the 340°M 
direction, which is approximately the direction of the fold axes of the Ordovician 
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basement. On a parallel line are Mount Franklin-Elevated Plains-Fern Hill- 
Wheeler’s Hill-Mossop’s Hill. The larger vents seem to be at the points of inter¬ 
section of these lines with those parallel to the Corinella line. 

Gregory (1903) suggested arcuate lines connecting some of the western 
volcanoes, viz. McDonald’s Hill-Clover Hill-McRorie’s Hill-Birch’s Bald Hill- 
Spring Hill, but these are not paralleled elsewhere. 

Likewise the directions of two proved faults (351°M) to the north, viz. Muckle- 
ford Fault (Thomas 1935) and Campbelltown Fault (Harris and Thomas 1948), 
do not coincide with any notable number of vents. 

As will be seen from Fig. 1, the eastern part of the area produced trachytes and 
trachyphonolite and shows considerable denudation; the western vents are more 
basic types such as labradorite basalts and limburgitic basalts. This may be due to 
progressive opening from east to west along fissures, a possibility envisaged by 
Cotton (1944, p. 219) for certain lines in the East Indies. 

Palaeogeography 

The pre-basaltic terrain was probably much smoother than the present volcano- 
dotted surface; the Divide was probably a little south of the present watershed; 
the courses of the known streams were those shown as deep leads on Hunter’s 
map (1909). One of these, the Llewellyn Lead, is of particular interest. Starting 
at Leonard’s Hill, and flowing north, it is covered by a flow of olivine-anorthoclase 
basalt (Orr 1927a) and flanked by the lateral streams, Sailor’s Creek and Stony 
Creek, which unite at Table Hill to become Jim Crow Creek. But the massive 
basalt flow apparently ceases at Table Hill, and much conjecture has been made 
as to the course of the Llewellyn Lead beyond there, though little of this has 
appeared in print. By examining the patches of residual basalt along the banks of 
Jim Crow Creek between Tipperary Spring and Hepburn, it has been possible to 
identify all of these as the same olivine anorthoclase basalt as that covering the 
lead to the south. It is with some confidence then that it is asserted that the course 
of the ancestral stream was much the same as the present Jim Crow Creek; it did 
not go under Wombat Hill as many old miners believed. 

At Coomoora a considerable thickness of ash, scoria and lignite is under the 
basalt; this idicates the existence of a lake or swamp in pre-basaltic times, but its 
extent is uncertain. Similar depressions were at Werona (Harris and Thomas 
1948), near Creswick (Gregory 1903), Stony Creek Basin (Coulson 1950) and 
Eganstown (Taylor 1894). The significance of these has been discussed by Harris 
and Thomas (loc. cit.). 
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Key to Numbered Points of Eruption, Fig. 2 

Code: S.C ., Scoria Cone; B.S.C., Breached Scoria Cone; S.D., Scoria Dome; L.D., Lava Dome; 
L.C., Lava Cone; P., Plug; D., Dyke. 


Serial 

No. 

Map Ref. 
No. 

Type 

Local Name 

, 1 . 

B.l. 

S.D. 

Mount Cameron 

2. 

B.l. 

S.D. 

Middle Hill 

3. 

B.2. 

S.D. 

Little Green Hill 

4. 

C.l. 

S.D. 

Allot. 4, Sect. 2A, Eglinton 

Horseshoe Hill 

5. 

D.l. 

B.S.C. 

6. 

D.2. 


Allot. 4d, Glengower 

7. 

D.3. 


Kelly's Hill, Glengower 

8. 

B.3. 

S.D. 

McKinnon’s Hill 

9. 

C.4. 


William’s Hill 

10. 

C.3. 

B.S.C. 

McDonald's Hill 

11. 

D.4. 


Leishman’s Hill 

12. 

E.3. 

S.D. 

Stewart's (Bowen’s) Hill 

13. 

E.2. 

L.C. 

Allot. 18, Turkey Hill, Campbelltown 

14. 

E.3. 

L.D. 

Allot. 34, Campbelltown 

15. 

F.2. 

L.D. 

Allot. 13c, Campbelltown 

Stony Rises (Anderson’s) 

16. 

F.3. 

L.C. 

17. 

G.3. 

L.C. 

Rocky Hill (Anderson’s) 

18. 

F.4. 

S.D. 

Mount Moorookyle 

19. 

G.4. 

B.S.C. 

Snieaton Hill (Kooroocheang) 

20. 

G.4. 

L.D. 

Parasitic Cone, Snieaton Hill 

21. 

H.l. 

S.D. 

Yandoit Hill 

22. 

J.2. 

L.D. 

Allot. 62b, Campbelltown 

23. 

H.2. 

L.D. 

Allot. 9, Campbelltown 

24. 

H.3. 

L.C. 

Werona Hill 
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Serial 

Map Ref. 

Type 

No. 

No. 


25. 

L.3. 

S.D. 

26. 

L.3. 

S.D. 

27. 

L.3. 

B.S.C. 

28. 

K.4. 

L.D. 

29. 

M.3. 

P. 

30. 

N.3. 

L.C. 

31. 

N.4. 

L.D. 

32. 

O.3. 


33. 

O.4. 


34. 

P.4. 

L.C. 

35. 

P.4. 

L.C. 

36. 

H.ll. 

L.D. 

37. 

Q.5. 

L.D. 

38. 

P.5. 


39. 

Q.3. 

L.D. 

40. 

Q.l. 

L.D. 

41. 

R.l. 


42. 

R.2. 

L.D. 

43. 

R.2. 

L.D. 

44. 

R.2. 

L.D. 

45. 

R.3. 

L.D. 

46. 

H.ll. 

S.D. 

47. 

R.4. 


48. 

R.5. 

L.C. 

49. 

P.6. 

L.D. 

50. 

N.5. 

S.D. 

51. 

L.4. 

L.C. 

52. 

L.4. 

L.C. 

53. 

N.5. 

S.D. 

54. 

M.5. 

S.D. 

55. 

L.5. 

D. 

56. 

L.5. 

D. 

57. 

K.5. 

B.S.D. 

58. 

L.5. 

P. 

59. 

M.6. 

L.D. 

60. 

M.6. 

L.D. 

61. 

L.6. 

S.D. 

62. 

L.6. 

P. 

63. 

K.6. 

P. 

64. 

L.6. 

D. 

65. 

K.6. 

D. 

66. 

K.6. 

L.D. 

67. 

J.6. 

S.D. 

68. 

J.6. 

S.D. 

69. 

J.6. 

S.D. 

70. 

G.5. 

S.D. 

71. 

G.5. 

S.D. 

72. 

H.2. 

S.D. 

73. 

E.5. 

S.D. 

74. 

E.5. 

S.D. 

75. 

D.5. 

L.D. 

76. 

C.5. 

L.D. 

77. 

B.5. 

L.C. 

78. 

E.6. 

S.D. 

79. 

F.6. 

L.D. 

80. 

C.7. 

S.D. 

81. 

D.7. 


82. 

6.7. 

S.C. 

83. 

J-7. 

S.D. • 

84. 

J.8. 

S.D. 

85. 

N.6. 

L.D. 


Local Name 

Menzies’ Hill (Stewart’s) 

Lady Franklin 

Mount Franklin 

Caledonian Hill 

Allot. 2b, Sect. A, Holcombe 

The Bluff 

Porcupine Ridge (Holcombe) 

Sect. A, Pre-emptive Purchase, Holcombe 

Allot. 30f, Glenlyon 

Kidd’s Hill 

Lowe’s Hill 

Badger Hill 

Sugarloaf Hill, Coliban 

Allot. 55a, Coliban 

Kangaroo Hill, Burke 

Patten's Hill 

Allot. 263, Edgecumbe 

Yarra Bend, Lauriston 

Lauriston 

Allot. 2, Sect. 6, Burke 
Snowdon Hill 
Mollonghip Hill 
Allot. 18a. Burke 
Spring Hill, Coliban 
Muses’ Hill 

Widdicombe’s Hill (Kangaroo Hill) 
Elevated Plains (Manning’s) 

Elevated Plains south 
Snake Hill 
Fern Hill, Coomoora 
Hepburn Lamprophyre Dyke 
North Ajax Lamprophyre Dyke 
Bald Hill, Hepburn 
Doctor’s Gully, Daylesford 
Adami’s (Middleton’s) Hill 
Allot. 15, Sect. 4, ? Wombat 
Wombat Hill, Daylesford 
Boatswain’s Gully, Daylesford 
Christensen’s Ajax Plug 
Sailor’s Creek Dykes 
Corinella Dyke 
Corinella Hill east 
Corinella (Burnt Hill) 

Eastern Hill west 
Eastern Hill cast 
Kangaroo Hill east, Kingston 
Kangaroo Hill west, Kingston 
Allot. 51, Campbelltown 
Woodhouse’s Hill 
McRorie’s Hill 
Clover Hill 

Toural Pre-emptive Purchase 
Two-Mile Hill ( Tourello) 

Birch’s Bald Hill (Lord Harry Hill) 

Green Hill, Smcaton 

Cattle Station Hill 

Green Hill, Allendale 

Hepburn’s Lagoon 

Mount Prospect 

Donnelly’s Hill 

Currie’s Hill 
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Serial 

Map Ref. 

Type 

No. 

No. 


86. 

N.7. 

L.C. 

87. 

O.7. 

L.D. 

88. 

O.8. 

L.C. 

89. 

N.7. 

S.D. 

90. 

N.8. 

S.D. 

91. 

N.8. 

L.D. 

92. 

Q.8. 

L.D. 

93. 

R.7. 

L.C. 

94. 

R.8. 

L.D. 

95. 

Q.9. 

L.C. 

96. 

O.9. 

L.C. 

97. 

P.ll. 

S.D. 

98. 

N.ll. 

S.D. 

99. 

N.ll. 

S.D. 

100. 

M.10. 

S.D. 

101. 

L.9. 

L.C. 

102. 

L.9. 

L.C. 

103. 

K.9. 

L.C. 

104. 

J.9. 

L.C. 

105. 

J.9. 

L.D. 

106. 

H.8. 

S.D. 

107. 

G.8. 

S.D. 

108. 

G.9. 

S.D. 

109. 

G.9. 

L.D. 

110. 

E.8. 

S.D. 

111. 

B.8. 

S.C. 

112. 

A.8. 

L.D. 

113. 

A.9. 

L.D. 

114. 

A.9. 

L.D. 

115. 

B.9. 

P.L.D. 

116. 

B.10. 

L.D. 

117. 

B.10. 

L.D. 

118. 

F.ll. 

S.D. 

119. 

G.ll. 

S.D. 

120. 

G.ll. 

S.D. 

121. 

H.ll. 

S.D. 

122. 

H.ll. 

S.D. 

123. 

H.8. 

L.D. 


Local Name 

Bull’s Hill 
Babbington’s Hill 
Ender’s Hill 
Wheeler’s Hill 
Dolphin’s Hill 
Mossop’s Hill 
Coghland's Hill, Bullarto 
Maloney’s Hill 
Cranny’s Hill 
Blue Mountain 
Mount Wilson 
Green Hill, Blackwood 
Blakcville North 
Mount Hope 
Edward’s Hill 

Kelly's Hill, Korweinguboora 

Beaver’s Hill 

Leonard’s Hill 

Rocky (Langdon’s) Hill 

Allot. 9, Sect. 33, Bungaree 

Bullarook Hill 

Forest Hill 

Scrub Hill 

Tallent’s Hill 

Spring Mount, Creswick 

Mount Cavern 

Coghill’s Hill 

Morton’s Hill 

McLean’s Hill 

Mount Hollowback 

Mount Blowhard 

Mount Pisgah 

Wombat Hill, Glenpark 

Clarke’s Hill 

Allot. 6b, Sect. 29, Bungaree 
Allot. 2, Sect. 30, Bungaree 
Tipperary Hill 
Green Hill, Bullarook 
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Fig. 2— Structural Pattern of Vents and Dykes. 
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THE SHORE PLATFORMS OF LORNE, VICTORIA, AND THE 
PROCESSES OF EROSION OPERATING THEREON 

By J. T. Jutson 
[R ead 11th December 1952] 

Abstract 

The processes of erosion by which the shore platforms of Lome (which are comprised 
in the writer’s term ‘minor platforms’) are being extended landward, reduced vertically and 
destroyed at their seaward edges, are the subject matter of this paper. The rocks forming the 
platforms arc felspathic sandstones (strictly speaking arkoses) mudstones and shales, and their 
lithology and geological structure have an important influence on the processes of erosion now 
at work. Those processes are almost all marine and arc described under the headings of quarry¬ 
ing, planing, grooving, flaking, pitting (‘honeycomb weathering’), minute furrowing, saucering 
and water-level weathering. 

Introduction 

The writer in his paper (1949) on the shore platforms of Lome, which is 
situated at Loutit Bay on the southern coast of Victoria (see Fig. 1 of that paper), 
described the lithology and geological structure of the component rocks of the 
platforms, the strength and direction of the ocean waves, the contour of the coast¬ 
line, the character of the hinterland and the general processes of erosion, with the 
resulting forms of the platforms. That paper should be read in conjunction with 
the present one, in which more detailed descriptions of the processes of erosion 
referred to in the earlier paper are given. 

The component rocks are of freshwater origin, of Jurassic age, and are mainly 
sandstones (really arkoses, Edwards and Baker 1943, but the former term is used 
in the writer’s paper referred to above and is retained here) with some shales, that 
term as in the writer’s 1949 paper being used for convenience to include both mud¬ 
stones and shales. The rocks dip at various angles and have master joints close to 
the vertical. 

Incidentally it may be mentioned that the nomenclature of the platforms used 
by the writer in the 1949 paper has been changed by him (1950) by substituting 
for the term ‘ultimate platform’ the term ‘major platform’, and for the term ‘normal 
platform’ the term ‘minor platform’. The minor platform is the narrow platform 
abutting the coastal cliffs and the major platform is the platform extending seawards 
indefinitely from the seaward edge of the minor platform. The minor platform 
as shown by the writer (1949) comprises three divisions running parallel to the 
coast, the most seaward being the ‘rampart’, the middle one being the ‘depression’ 
and the one abutting the cliffs being the ‘abrasion ramp’, which in this paper will 
be referred to as the ‘ramp’. (See Fig. 9 of the writer’s paper already cited.) 

The beach at the head of Loutit Bay has been named by the writer (1949) the 
‘Erskine Beach’ and the minor platforms at Point Grey and between that point and 
the Erskine Beach have been named by him the ‘Point Grey Platform’ and the 
‘Point Grey-Erskine Platform’ respectively. 

The Processes of Erosion 

It may be stated that shingle is scarce except in the narrow channels cut through 
the rampart and the depression but that sand, although scarce at times, is mostly 
abundantly available for the rasping of the rocks. 
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At Lome the processes of erosion comprise quarrying, planing, grooving, flaking, 
pitting ('honeycomb weathering 1 ), minute furrowing, saucering and water-level 
weathering. Pot-hole erosion is very scanty. 

Quarrying 

This operates on the rampart and along the miniature bays and channels which 
have been cut through the rampart into the depression, and in some places into the 
ramp. 

Planing 

This term is used in this paper to indicate the action of the sea in producing, 
mainly by sand rasp, smooth rock surfaces. That this action can produce a smooth 
inclined rock surface such as the ramp is, the writer believes, generally accepted 
but there may be some difference of opinion as to whether similar horizontal surfaces 
can be produced. Since, however, that action is bound up with the processes of 
minute furrowing, saucering and water-level weathering, the question is most 
appropriately discussed under those headings, but it may be emphasized that planing 
may act both vertically and laterally. 

Grooving 

This occurs mainly along the joints and stratification planes of the rocks, par¬ 
ticularly those of the rampart, to a depth and width of a few inches. Grooving in 
relation to pitting (‘honeycomb weathering’) is discussed in the section of this 
paper treating of the latter subject under the sub-section ‘Removal of the Pits’. 
Special forms of grooving are dealt with under the heading 'Minute Furrowing’. 

Flaking 

Flaking is best observed on the surfaces of the depression and the ramp, par¬ 
ticularly where the rocks dip at a few degrees only, which enables erosion to take 
place along the stratification planes and so prepare the way for the collapse and 
breaking up of the undermined portion of the stratum. 

Pitting (‘Honeycomb Weathering’) 

General Characteristics 

Pitting in the rocks of Lome is widespread and it is a potent agent of erosion, 
both directly and indirectly. It is mainly of the usual tvpe of ‘honeycomb weather¬ 
ing’ (PI. VII, figs. 1, 2, 3). 

The pits are almost entirely restricted to the sandstones (which are practically 
homogeneous rocks) and it may be suggested that this is owing to the great pre¬ 
ponderance in area of the sandstones over the shales. This is probably in part true, 
but the main reason appears to be the greater vulnerability of the sandstones, partly 
owing to the coarseness of grain and the relative looseness of cohesion compared 
with the shales, and partly to the fact that there is much more felspathic material 
in the sandstones than in the shales, as Edwards and Baker (1943, p. 208) have 
shown in their paper on the Jurassic arkoses of Victoria, the inference to be drawn 
from that fact being probably the more rapid decay, under any conditions of 
weathering, of the sandstones. 

The pits occur freely on all faces of the rampart and on the depression, especially 
on that portion of the latter adjacent to the rampart, but are fewer on the ramp. 
They also occur on the exposed faces of detached blocks of rock whatever inclina¬ 
tion any face may have. 
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Where the rocks in the rampart are scoured by the waves practically continuously 
no pits form, but where the scour is intermittent owing to low tide then pits occur. 
This is well shown in some channels with vertical or highly inclined walls (being 
joint or stratification planes), the lower portions (12 to 18 inches in depth) of the 
walls being free from pits and the upper portions of the same walls, whatever their 
height, being pitted. 

The sandstones of the depression and the ramp are divided into polygons vary¬ 
ing in size from a foot or two in any direction to areas about 10 feet by 12 feet and 
occasionally about 30 feet by 50 feet. (See PI. VI, fig. 3, of the writer’s 1949 paper 
cited above.) The boundaries (mainly rectilinear) of the polygons are vertical or 
nearly vertical joints, which appear in many instances to be an important factor in 
determining either directly or indirectly the distribution of the pits. Some pits 
occur actually along the joint (PI. VII, fig. 1), but oftener they are on one or 
(usually) both sides of it for a width varying from an inch to three or four inches 
or more on each side, and this occurs whether the sandstone has been altered or 
unaltered for a few inches from the joint outward by the introduction of iron oxide 
which often projects as ribs along the joints. The pits in some areas extend beyond 
the width mentioned for another few inches, leaving the remainder of the polygons 
free of pits, or that remainder may be wholly or partly occupied by pits. The reason 
for the absence of pits from some of the unaltered areas may be that those areas 
are reduced by other eroding agents too fast to permit of the formation of pits. 

Since the rocks at and about low water mark come for longer periods in contact 
with the sea one would expect the pits to be more abundant on the rampart (where 
the waves so frequently break) and on the outer (seaward) part of the depression 
than on the inner (landward) part of the depression and on the ramp and that is 
what is found. 

The calcareous concretions (‘cannon balls’ and other forms) (PI. VII, fig. 1) 
in the rocks have fewer pits than the ordinary bedded sandstones, the reason being 
that the concretions are more resistant to erosion. The greater hardness of the 
concretions is apparently owing to the abstraction of calcite from the surrounding 
sandstone and its transfer to the concretions (see Edwards and Baker 1943, p. 207). 

Origin of the Pits 

Primarily the pits are owing to the splash of the waves and the spray from 
the sea to a height of not less than 12 feet above the general level of the depression 
or of the ramp, but what exactly takes place is difficult to say. 

The question has been discussed by C. A. Cotton (1922, at p. 258) in connection 
with greywacke rocks near Wellington, New Zealand; by Bartrum (1936); and 
by Hills (1940). Cotton points out that the walls of the ‘honeycomb’ cells are 
strengthened by a mineral deposit containing apparently a good deal of iron oxide 
which is deposited along the walls of closely spaced joints, that the mineral matter 
so deposited is evidently leached from the intervening areas where the sand grains 
are loosened by weathering so that they are readily removed by the wind, and it 
is possible that the chemical actions involved in the leaching and deposition of the 
mineral matter forming the cell walls are due to salt supplied by sea-spray. 

Bartrum (1936, p. 599) agrees in ascribing the honeycombing of coastal rocks 
as largely to sea-spray and crystallization of sea salts with wind playing the dominant 
part in the removal of the products of weathering that accumulate in the cell-like 
hollows, though minor assistance is given by water from spray or rain, particularly 
in removing the finest particles. 
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Hills (1940, pp. 28 and 29, and fig. 29, p. 26, ‘Honeycomb Weathering in 
Jurassic Sandstones, Lome’) considers that the pits are due in part to alternate 
wetting of the rocks by sea-spray and drying out; that the crystallization of salt 
breaks up the rock in hollows where the spray collects; and that the disintegrated 
rock particles are removed by the wind. 

Thus Cotton, Bartrum and Hills are in substantial agreement as to the general 
origin of the pits, with Bartrum going more exhaustively into the matter than 
either Cotton or Hills. 

The present writer generally agrees with Bartrum as to the origin of the pits, 
but would suggest that sufficient allowance has not been made by him as to the 
effect of the heavy blows dealt to the rocks by the falling masses of water whether 
of waves or spray. By alternate wetting and drying, by chemical decomposition 
and perhaps by the crystallization of sea salts, the surface of some of the rocks is 
doubtless weakened and, to a certain extent, disintegrated in a very irregular manner 
so that when particles of sea water fall on that surface its weakest portions are 
liable to be removed, and so incipient hollows may be formed. Once that occurs 
then the general conditions stated by Bartrum for the development of the pits would 
apparently apply, but it must be remembered that Bartrunvs conclusions are based 
on the occurrence of pits on gently inclined or sub-horizontal rock surfaces only, 
whereas at Lome, the pits are found on horizontal and vertical surfaces and on all 
surfaces between the horizontal and vertical; hence the direct action of the sea by 
the blows mentioned above would appear to be the strongest direct agent in the 
commencement of the pits. 

Since also the pits occur on the walls of the channels through the rampart, it 
would appear that where the rocks are daily not long free from being covered by 
the sea the removal of the disintegrated fragments by the wind'is most improbable. 
Rather it would seem that the same blows repeated again and again as well as the 
general swirl of the sea would wash out the loose material as well as tend to direct 
further erosion of the pits. Where, however, parts of the platform close to the 
shore are daily long free from the sea, or where, unless at unusually high tides, or 
in storms, portions of the platforms, or the residuals or loose blocks thereon are 
perhaps for days at a time free from the sea and so enable the surface of the pits 
to dry out completely, then the wind is probably the chief agent in the removal of 
the fine disintegrated portions of the pits. But rain, particularly when heavy, beating 
directly into the pits must also, especially when the pits are shallow, force the 
disintegrated material out of the pits as well as helping to bring about that dis¬ 
integration. However, further investigation on all these points is required. 

Removal of the Pits 

Where pits are absent from parts of the areas where they occur it is difficult in 
some instances to say whether they have been formed and have been subsequently 
removed or whether they have never existed. 

Especially on the depression and the seaward portions of the ramp a great many 
pits are in course of removal (PI. VII, figs. 1, 2, 3), the mode of which, in the 
writer’s opinion, is by vertical and lateral planation by the sea with perhaps some 
assistance from water-level weathering as suggested bv Edwards (1951). Some 
details may now be given of the processes at work. 

The joints in the rocks largely control the removal Thus in vertical planation 
the whole or the greater portion of the pits in a given polygon may be in course of 
removal downward. All stages in this process can be seen from the commence- 
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ment to the faint traces of the pits which presage their entire disappearance, leaving 
a smooth horizontal or slightly inclined plane surface according to the character 
of the original surface. (PI. VII, fig. 1.) 

In lateral planation the process usually appears to commence along the joints 
of the polygon, a groove being formed at or immediately adjacent to the joint, the 
depth of the groove extending to the base of the pits. The sea then works laterally 
across the polygon and the result again is a smooth horizontal or slightly inclined 
plane surface. (PI. VII, fig. 1.) There may be both vertical and lateral erosion 
working at the same time. (PI. VII, fig. 3.) 

In the way just stated a mass of rock three to four inches thick may be rapidly 
removed. 

Of course, the above statements are more or less generalized, inasmuch as the 
pits may not extend over the whole of the surface or they may not be along or close 
to the joints or that the grooving may commence on any part of the surface and 
extend towards one or more of the joints, but mostly the removal takes place by 
one of the methods indicated above. 

It must be remembered that grooving along or close to the joints can take place 
by the direct action of the sea without the intervention of pitting. 

Causes of the Apparent Cessation or Slowing Doum of the Formation of the Pits 

Edwards (1951) has remarked on the removal of the pits and it would appear 
to the present writer from a fairly close inspection of the areas comprised in this 
paper that the pits on the depression and the ramp are being removed faster than 
they are now being formed. One would think that as the outer parts of the rampart 
were reduced laterally as well as vertically by marine erosion, the pits would increase 
in number landward, but as stated above this is not apparently so and the question 
therefore arises why that result should ensue. 

The depression and the ramp were of course in existence when the pits now 
thereon were formed and there is no change in the component rock characters, but 
the forces that brought the depression and the ramp into existence, i.e. as the writer 
believes, the formation of the channels and small bays in and through the rampart 
by means of which the sea worked coastwise behind the area now occupied by the 
rampart, were then not so strong as at present. Presumably those forces have 
recently gained momentum with the result that the pits are being removed by wave 
planation faster than they can be formed. In other words, pitting was dominant 
when the channels and miniature bays were shorter and narrower than at present, 
but the position may now be reversed. (See also Edwards 1951, p. 48.) 

Pitting at an Originally Higher Level 

It would appear that the area now occupied by the depression must have been 
at a higher level at an earlier date. That being so, pitting was no doubt taking place 
at that level. The formation of those pits would hasten the general lowering of 
that area owing to their comparatively easy removal. Consequently there would be 
a downward succession of pits, some of the present ones being doubtless the lineal 
descendants of the first-formed ones. 

Role of the Pits in the Lowering of the Rock Surface 

When the pits are so numerous as they are at Lome they play an important 
part in the general lowering of the rock surface, directly by the formation of the 
pits and indirectly by the comparative ease with which the other agents of erosion 
must remove the pitted rock. These advantages, however, would be somewhat 
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lessened if the walls of the pits were hardened by infiltration of some material (such 
as limonite or hematite) more resistant to erosion than the sandstones. 

Minute Furrowing 

Whilst it seems clear that the sea can plane a rock surface evenly down vertically 
so as to be free from all prominent projections, yet tiny irregularities remain on 
that surface and at Lome, on parts of the depression and the ramp, amongst those 
irregularities are minute furrows which show definitely the detailed action of the 
sea and the resulting rock surface and which have not hitherto come under the 
writer’s notice. These minute furrows belong to two types of erosion. 

The first type, which is well seen on the Point Grey-Erskine Platform and 
mainly on the depression, consists of furrows generally parallel to and along the 
lamination planes of the sandstones and to one another. They are not absolutely 
continuous since they die out but immediately make again in practically the same 
lines. Neither the ridges nor the furrows would probably as a rule exceed one 
quarter to three-eighths of an inch in width, while the furrows would probably be 
little more than one-eighth of an inch in depth. Very fine flakes are peeling ofif 
the whole of the rock surface but there is more being shed from the furrows than 
from the ridges. It is evident that the slightly turned-up edges of the strata favour 
this mode of erosion which is probably a combination of sand scour and flaking 
off due to alternate wetting and drying. 

A section (Fig. 1) across the strata shows the contour of the surface on a 
minute scale and this contour is in marked contrast (by reason of its sharp out¬ 
lines) with the second type of minute furrowing (with rounded outlines) now to 
be described. 

The second type is well developed on the sandstones of the inner portions of 
the depression and on the ramp about half a mile south-west of Point Grey. These 
furrows doubtless occur at many other points. They are usually one-eighth to one- 
quarter of an inch (but occasionally up to one-half of an inch) deep and about one- 
eighth to one-half of an inch (but occasionally up to one inch) wide with the ridges 
of the same widths, and both ridges and furrows having rounded outlines. The 
furrows may be parallel to or at any angle to the strike of the rocks, and in places 
it can be seen exactly how the sea has worked. For example, as shown in Fig. 2, 
the furrows and ridges are seen to bend around and follow’ the horizontal outlines 
of the bases of two rounded projections a few inches high, broad and long. Joints 
appear to have an influence in some instances and none in others. (For a cross- 
section of the furrows, see Fig. 3.) 

In other portions of the same area w'here the main rock surface is free of pro¬ 
jections similar furrows are in approximately parallel straight lines which may or 
may not be coincident with the stratification lines. 

The tw'o types of furrowing, especially the second one, support the proposition 
that a practically horizontal surface can be produced and maintained by the planing 
action of the sea, since the furrow’s can only be regarded as forms of that action. 

Saucering 

This section relates to the depression and to flat areas a few square yards in 
extent which occur at different levels in the rampart. 

The traversing of the sandstones by vertical or nearly vertical joints which 
divide the surface into polygons of various size with the deposition of oxide of iron 
along and for varying distances from the joints has been noted above under the 
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section treating of the general characteristics of the pits. The altered rock may be 
termed the ‘brown rock’ and the unaltered the ‘grey rock’. (Figs. 4 and 5.)- 

In the planing and mechanical disintegration of the rock surface, the brown 
rock appears to be only slightly more resistant than the grey rock. That is well 
shown on the ramp, where the ribs of iron oxide along or close to the joints generally 
are planed level with or rise very slightly above the grey rock. Chemical weathering 
on the ramp, if it occurs, does not apparently affect the grey rock more than the 
brown rock. 

However, where the surface has become practically horizontal as in the depres¬ 
sion and the small flat areas in the rampart, then the slight irregularities of that 
surface would be sufficient to hold a small quantity of sea water. That water then 
apparently acts chemically on the grey rock but not on the brown, or at least not to 
the same extent. The result is that the grey rock is lowered faster than the sur¬ 
rounding brown rock and so very shallow basins of grey rock are formed within 
the polygons with low rims of brown rock on or close to the joints. 

As the basins deepen more sea water collects in them and thus they may become 
several inches deep. The lowest part of the grey rock is from an inch or two to 
six or eight inches below the highest part of the rim of the brown rock and the 
interiors of the polygons are in many places at slightly different levels (up to 10 
inches or more) owing to the unequal removal of the grey rock in the different 
polygons. 

The basins so formed may be referred to as ‘saucers' and the processes producing 
them as ‘saucering’. 

The boundary between the brown and grey rock surfaces does not follow the 
rectilinear shape of the polygon but tends to become roughly circular or elliptical 
according to the form of the polygon, this being an example of faster alteration 
of the corners of that figure. 

The basins are prevented from reaching more than a certain depth owing to 
their oxide of iron rims being reduced in height by the action of the sea which, 
since it forms distinct grooves in those rims, must be capable of a general planing 
down of the surfaces of the rims. The sea also forms pits in the rims. Water-level 
weathering (the possibility of which is discussed in the next section) and crystalliza¬ 
tion of salts may also help in the reduction of the rims. Whatever the processes are 
that bring about that reduction a balance is struck between the tw f o classes of rock 
by means of which the basins remain shallow. 

It would seem that so long as the lowering of the grey rock in the pools is faster 
than or equal to the lowering of the iron rims, whether the latter be lowered by the 
action of the sea alone or by the sea and water-level weathering combined (with 
perhaps the assistance from crystallization of salts) the pools will continue in 
existence. 

A saucer may be drained by the cutting of a groove in the iron rim at its lowest 
part. 

It is important to note that the pools on the depression and on the small flat 
areas in the rampart cannot be formed as distinctive features until the rock surface 
is almost horizontal and, consequently, that until that surface is formed water-level 
weathering must act very slightly, if at all. It follows therefore that that, surface 
must have been produced primarily by the varied planing action of the sea with 
the assistance (a) of the subsidiary marine factors described in this paper, (b) of 
ordinary sub-aerial weathering in the form of alternate wetting and drying (where 
there are sufficient time intervals for drying to take place), and (c) of perhaps 
the crystallization of sea salts. 
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Fig. 1.—Section across the minute furrows along the laminae of a sandstone floor. Point Grey- 
Erskine Platform. 

Fig. 2.—Diagrammatic plan showing the minute ridges and furrows on a sandstone floor S.W. 

of Point Grey. Note how the ridges and furrows curve around the small projections 
A and B. The dotted areas represent the ridges and the unmarked areas between and 
following around the ridges represent the furrows. 

Fig. 3.—Section across the minute furrows and ridges shown on Fig. 2. Note the rounded 
outlines contrasted with those of Fig. 1. 

Fig. 4.—Plan of a polygon showing the development of the brown (oxide of iron) rock (dotted) 
at the expense of the grey rock (unmarked). The joints are marked J. 

Fig. 5.—Section along the line AB of Fig. 4 showing the development of a shallow basin in 
the grey rock (not dotted). 
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Water-Level Weathering 

In the writer’s earlier paper on Lome (1949) he considered that the direct 
planing action of the waves was the chief agent in the formation of the depression 
and the ramp. Wentworth’s water-level weathering (1938) (the water-layer 
weathering of Hills, 1949) may, the present writer thought, have helped to decrease 
the depth of the saucers. It may be noted, as Hills (1949, p. 141) has recorded, that 
Bartrum and Turner (1928) and later Bartrum (1935) described the process but 
without giving it a definite name. 

Hills (1949) considers that water-level weathering, where some Victorian plat¬ 
forms are composed of basalts and tuffs, or of Tertiary ferruginous sandstones or 
of the Jurassic rocks of which the Lome platforms are composed, plays an impor¬ 
tant part in reducing the general level of the platforms. Edwards (1951), on the 
other hand, holds that for narrow platforms, such as those of Lome, sand scour 
is the predominant agent, although water-level weathering has some effect. 

The writer adheres to the opinion expressed by him as above stated, before the 
papers by Hills and Edwards were published, that wave planation was the chief 
cause of the smooth surfaces of the depression and the ramp. He has, however, 
since the publication of his own paper made further observations and has given 
the matter further consideration. It must be borne in mind that his conclusions as 
here stated relate only to the Lome platforms. 

As regards the ramp, although the iron oxide has been introduced on each 
side of the joints of the rocks as on the depression, there are usually no iron rims. 
The whole surface is generally planed level. Although owing to the absence of pools 
water-level weathering cannot take place, yet sub-aerial erosion (by alternate 
wetting and drying) could and doubtless does operate, and it would operate more 
on the ramp than on the depression or the rampart, because the ramp will have 
longer periods of dryness than either of the other two features. Crystallization of 
sea salts may also cause some disintegration of the rock surface. But if either of 
those processes so operated as a major agent patchy inequalities in the surface 
would doubtless be caused thereby and the ramp does not show those inequalities. 
It has the appearance of being steadily and smoothly planed down, and hence wave 
planation must be regarded as the major agent in the production of the ramp. 

The only portions of the platform, therefore, on which water-levelling may act 
to any extent are the parts of the depression and the small flat areas in the rampart 
where pools occur under similar conditions. 

As regards the depression, water-level weathering cannot act until the pools 
are formed which cannot be until a practically horizontal surface is produced by 
planing as shown above; and when the pools have formed water-level weathering 
has to compete with the planing action of the sea in its various forms. To determine, 
therefore, the extent of water-level weathering is difficult, but in view of the planing 
strength of the sea, water-level weathering must he comparatively slight. 

As regards the small flat areas of the rampart the rims of the pools can scarcely 
ever be dry. Water-level weathering on that account would be even less than on 
the depression. 

The above discussion of water-level weathering treats of the surface of the 
platforms as a whole. That water-level weathering perhaps assists in the removal 
of the pits is stated under that heading in this paper. 

In conclusion, the writer desires to direct attention to the critical remarks of 
Douglas Johnson (1938, pp. 268-272) concerning the original statement of water- 
level weathering by Wentworth (1938). 
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Explanation of Plate VII 

Fig. 1.—Calcareous concretions of elongated form rising above the general level of the minor 
platform are shown in the middle distance and towards the left background. The rec¬ 
tilinear joints are well shown in the smooth planed surface. Pits are being removed 
as shown in the foreground where along or close to the joints they are being replaced by 
narrow shallow grooves. N.E. of St. George’s River mouth. 

Fig. 2. Pits on the vertical faces of a succession of low terraces on the minor platform. Pits 

also occur on the flat floor in the foreground. Both series are in course of removal 

by the scouring and planing action of the sea. SAV. of the mouth of Reidy Creek. 

Fig. 3. Pits on a slope of about 40°. The main mass is about five feet long by two feet six 

inches high. The lowest six inches are not pitted since they are scoured by the waves. 

In the middle and left foreground are two calcareous concretions which are not pitted 
although pits occur above and below them. Note that pits on a slope in the right-hand 
lower corner are also being planed down. About 300 yards N.E. of the St. George’s 
River mouth. 
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ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1952 

The President and Council present to members of the Society the Annual 
Report and Statement of Receipts and Expenditure for the year 1952. 

The following meetings of the Society were held: 

March 13th.—Annual Meeting. The following office-bearers were elected: 
President, Professor J. S. Turner; Vice-Presidents, Dr. F. L. Stillwell, Professor 
L. H. Martin; Honorary Treasurer, Mr. R. T. M. Pescott; Honorary Librarian, 
Mr. F. A. Cudmore; Honorary Secretary, Associate Professor C. M. Tattam; 
Members of Council , Mr. V. G. Anderson, Associate Professor G. W. Leeper, 
Dr. J. S. Rogers, Dr. D. E. Thomas, Professor G. L. Wood. 

The following Members of Council continued in office: Professor E. S. Hills, 
Mr. E. R. Pitt, Professor O. W. Tiegs and all past Presidents. 

The Annual Report and the Financial Statement for 1951 were read and 
adopted. 

At the close of the Annual Meeting an Ordinary Meeting was held. Lecture: 
“Deformation of Solids under Prolonged Stress,” by Professor J. Neill Greenwood. 

April 17th— Lecture: “Sugar from the Air” (The Physiological Basis of 
Food Production), by Professor J. S. Turner. 

May 8th.—Lecture: “A Review of Scientific Progress at Heard and Macquarie 
Islands,” by Mr. P. G. Law. 

June 12th.—Paper: “Fossil Fruiting Cones of Casuarina and Banksia from 
Tertiary Deposits in Victoria,” by Kathleen M. Pike; Lecture: “The Electron 
Microscope,” by Mr. J. L. Farrant. 

July 10th—Papers: “Crinanite-Picrite Intrusions in the Nebo District of New 
South Wales,” by A. B. Edwards; “On the Distribution of the Species of 
Eucalyptus in the Region of the Dandenong Range, Victoria,” by H. T. Clifford; 
Lecture: “Some Physical Problems in High Explosive Research,” by Dr. T. 
Carlton Sutton. 

August 14th.—Lecture: “Some Little Known Functions of the Human Mind,” 
by Dr. Raynor C. Johnson. 

September 11th.—General Meeting. Voting on amendments to Laws.* At the 
* Amendments: 

Laws 5, 7 and 15: Repeal Laws 5, 7 and 15 as amended on 10th November, 1949, and 
re-enact them in the form published in the Laws as amended to September, 1946. 

Law 18: Repeal and substitute: “Every candidate shall be proposed and seconded by 
Members of the Society. The name and address of every candidate, with the names of his 
proposer and seconder, shall be communicated in writing to the Secretary. The name of the 
candidate shall be published in the notice convening the next Ordinary Meeting of the Society. 
The candidate may be admitted by majority vote of the Council at its following meeting and 
an announcement of the admission shall be made at the next following Ordinary Meeting, 
unless a ballot is requested by at least two Members of the Society, such request to be in 
the hands of the Secretary not less than seven days before this Ordinary Meeting, when the 
ballot shall take place. The assent of at least five-sixths of the number voting at this ballot 
shall be requisite for the admission of the candidate. On the request of an Associate the 
Council may admit him as an Ordinary Member or a Country Member and an announcement 
of the admission shall be made at the following Ordinary Meeting.” 
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close of the General Meeting an Ordinary Meeting was held. Lecture: “The 
Influence of Structure on the Properties of Wood,” by Dr. H. E. Dadswell. 

October 9th.—Lecture: “Nigeria” by Associate Professor C. M. Tattam. 

November 13th.—Symposium on “Krilium”. Speakers: Mr. J. S. Sullivan, 
Mr. B. T. Overell, Mr. R. G. Downes, Mr. C. B. Kay, Associate Professor 
G. W. Leeper. 

December 11th.—Papers: “Australian Species of Sphaeriidae,” by C. G. Oke; 
“A Root Gall on Radish caused by Albugo Candida (Pers) Kuntze,” by Eileen E. 
Fisher; “A Review and Revision of the Flora of the Victorian Lower Jurassic,” 
by Lorna M. Medwell; “The Volcanic Rocks of the Daylesford District,” by 
Alan Coulson; “Further Records of the Foraminiferal Genus Hantkenina Cushman 
in the Tertiary Rocks of Victoria,” by Irene Crespin; “The Shore Platforms of 
Lome, Victoria, and the Processes of Erosion Operating Thereon,” by J. T. 
Jutson. 

During the year four members, one country member and eight associate mem¬ 
bers were elected. One member and one country member resigned. The total 
membership of the Society on December 31st, 1952, was 261. 

The Council deeply regrets the loss by death of one member and one associate 
member. 

Thomas Chambers Bryan was born in 1897. He spent the earlier part of 
his life in Roma, Queensland, later moving to Molesworth, Victoria. His interests 
were in geology and photography and for some years he fostered them through 
membership of the Field Naturalists Club of Victoria, of which body he had been 
a member of Council and, at the time of his death, a Vice-President. He was 
elected an associate member of the Society in 1950 and during his brief membership 
attended most meetings. He died suddenly on September 10th. 

Sir Keith Murdoch was born at Camberwell on August 12th, 1886, and was 
educated at Camberwell Grammar School and the London School of Economics. 
At his death he was a leading figure in Australian journalism and the newspaper 
industry. He began his career as a reporter* for “The Age’ but during the 1914-18 
war became a distinguished war correspondent. Later he returned to Melbourne 
as editor of “The Herald,” ultimately serving this and associated newspapers 
as chairman of directors. His newspaper interests extended to other States, and 
he was the first Australian trustee of Reuters. He received his knighthood in 1933. 
He was a connoisseur of art and was chairman of trustees of the National Gallery 
of Victoria. He was elected a member of the Society in 1945. He died suddenly 
on October 5th. 

Attendances at Council meetings were as follows: Mr. Anderson, 10; Mr. 
Baragwanath, 9; Mr. Casey, 6; Mr. Cudmore, 3; Captain Davis, 3; Professor 
Hills, 7; Associate Professor Leeper, 6; Mr. Crosbie Morrison, 5; Professor 
Osborne, 1; Mr. Pescott, 9; Mr. Pitt, 5; Dr. Rogers, 2; Professor Skeats, 2; 
Dr. Stillwell, 8; Dr. Summers, 4; Associate Professor Tattam, 9; Dr. Thomas, 
9; Professor Tiegs, 2; Professor Turner, 6; Professor Wadham, 2; Professor 
Wood, 2. Captain Davis and Mr. Casey were granted leave of absence for part of 
the year. 

During the year 2,026 volumes and parts were added to the library. 

Agreement has been reached with the Australian branch of the Royal College 
of Obstetricians and Gynaecologists on the arrangement whereby it will establish 
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its headquarters in the Society’s building, and it is expected that work on the 
extension and renovations will begin early in 1953. 

HONORARY TREASURER’S REPORT 

The financial position of the Society is such that, in the new financial year, 
strenuous efforts must be made to improve the revenue. 

At first sight, the credit balance of £790.2.0 at 31/12/1952 as compared with 
£331.15.2 at 31/12/1951 contradicts this, but it must be noted that we must 
expect in 1953 considerable expenditure on the publishing of the Proceedings of 
the Society. During the financial year just completed £352.10.0 only was spent on 
publication, whereas in 1951 £944.2.6 was expended. It is thus seen that if the 
same expenditure had been incurred in this financial year the credit balance would 
have almost entirely disappeared. 

The increase in the annual grant from the State Government of Victoria from 
£350 to £500 has offset the reduction in rent resulting from the withdrawal of 
the Commonwealth Meteorological Bureau training classes from the lecture hall 
of the Society. 

The Plonorary Auditors have drawn attention to two important matters in this 
year’s financial return— 

(a) the large number of members—both full, associate and country—who do 
not pay their subscriptions regularly to the Society, but allow them to 
accumulate for two or more years before discharging their obligations. 
Such defaulting in the payment of subscriptions makes the task of run¬ 
ning the Society a most difficult one, and members are reminded that 
subscriptions fall due on January 1 of each year; 

(b) the number of people of comparative seniority in the scientific world who 
over a long period of years have allowed their membership to remain at 
the associate level. The transfer of these associates to full membership 
would considerably help the finances of the Society. 

Failing the above methods bringing financial stability, it may become necessary, 
as has occurred with other scientific societies both in this country and overseas, 
to increase the membership dues. 


FINANCIAL STATEMENT FOR YEAR ENDING DECEMBER 31. 1952 
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Publications of the Royal Society of Victoria and of the 
Societies amalgamated with it. 


Victorian Institute for the Advancement of Science. 
Transactions and Proceedings. Vol. I. 1854/55. 


5"0 


Philosophical Society of Victoria. 

Transactions. Vol. 1. 1854/55. 

These two Societies then amalgamated and became — 




Philosophical Institute of Victoria. 

Transactions. Vols. 1-4. 1855/56-1859. 

The Society then became — 

Royal Society of Victoria. 

Transactions and Proceedings (Vol. 5, entitled Transactions). (8vo.) 
Vols. 5-24. 1860-1887. 

Transactions. (4to.) Vols. 1, 2, 3 (Pt. 1 only was published), 4, 5 
(Pt. 1 only), 6. 1888-1914. 

Proceedings (New Series). (8vo.) Vols. 1—.. 1888—. 


i 



h #• 


K 


Microscopical Society of Victoria. 

Journal (Vol. 1, Pt. 1, entitled Quarterly Journal) Vol 1 (Pts. 1 to 
4), 2 (Pt. 1), title page and index [all published], 1879-82. 

[The Society then combined with the Royal Society of Victoria.] 

Note. —Most of the volumes published before 1890 are out 
of print. 


Vol. 46, Part II, contains an author index of the Royal Society of 
Victoria and of the Societies amalgamated with it from 1855-1934. 


The Royal Society of Victoria has a number of unbound volumes of the 
following for sale:— 

Aborigines of Victoria, by R. Brough Smyth (2 vols., 4°), 1878. 

Price 7s. 6d. 

Australian Race, by E. M. Curr (3 vols., 8° and atlas fo.), 1886-87. 

Price 20s. 













































































































































































































































































































































































































